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' STANDARD OPERATING PROCEDURE MP-001, Rev. 13
EBERLINE Effoctive: 10/31/13

BERVICED .
Sample Receiving Page 14 of 15

Eberline Services — Oak Ridge Laboratory
LABORATORY DATA SUPPORT CHECKLIST
MP-001-3

&
Eberline Services Work Order # f ‘é ~ ‘? § @ g 5

The checklist items listed below are to be initialed by appropriate staff upon completion/verification.

Date for Partial Initials Date Initials Checklist tems
whg/iq KQ/ Sample Log-In
W‘Z,l” I} JG Data Compilation
12 it th AR First Technical Data Review
“\(}5\"9{ M Second Technical Data Review
i H: €T Data Entry/Electronic Deliverable

Q»{O'Z[”’ Z:)T Case Narrative
Q/-%(/ Wg Electronic Deliverable Proof

# / Samples{Analyzed within Holding Time
13| Py Yes? [X — INo2[ 1
i } 3/‘? W/* QNQC/ Review
P - Client in Possession of Data
nlA M &:\) yul Electronic or Hard Cooy
invoiced by Laboratory
Technical/Clerical Corrections, Signatures Needed, Problems, Etc Date/lnitials

Date package approved by%’g B | ’)7/4 f l/f

Laboratory Manager Date

Copy No. , Radiochemistry Services
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SECTION 1

CHAIN OF CUSTODY
&
pH CHECK SHEET
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Radiologicl Hedﬂz, Sofe!y md Envxmmenla.‘ Services

gy PN

E sseéni’es, iat.

14-

14093

RECD NOV 18 2014

Auxier & Associates, Inc.
9821 Cogdill Road

Suite 1

Knoxville, TN 37932
{423) 675-3669

AUSA Fovionsen, LD Corpiey CHAIN OF CUSTODY FORM
Project Neme: FEE/BRI Project Manager: Beth Jansen
Location: Bridgeton. MO Telephone No.: 865-6875-3669
Sample Cugodian: Fax No.: 865-675-3677
DATE OF
- SM&H)ENTIFICATION COLLECTION SAMPLE DESCRIPTION SAMPLE IDENTIFICATION COLLECTION SAMPLE DESCRIPTION
ree - -\
| FAOW2 2061 5y W -1 | Q) Cauc wWATER
FEE -G\ ~w
FADWIAZOL | n-w- Q) douod  WeTER
Relinguished By: LLE‘L w‘\“& Received In Good Condition By: K i Q EE , % ]'I‘ixae‘3 o lDate: /i I
Method Of Shipment: g0l : o
Relinquished By: ' Received In Good Condition By: lTime: lDate:
Method Of Shipment:

g'\marsha\forms\COC  08/13/99




& Internal | Mot

@ EBERLINE Chain of Lab Deadline 11/24/2014

(7 BERVICES
Oak Ridge Laboratory Analysis UUISO - Level 4
C u StOd y Sample Matrix Water

Sample HP 210/ 270 Storage
; Comments Fraction ¢ Detector Activity Location
| 04 3 012

Location (circle one) I8 m\tmls P ; Date ;

Received by Sample Storage Rough Prep Prep Separalions Count Room

‘I|

’Relin;‘.’;;i‘swl-\ed b\kji Sample Storage Rough Prep . Separations Count Room
Received by Sample Storage Rough Prep Prap @gy Count Room ﬁg/ /W } Vf? 4{1 ) 0;‘5‘

Relinquished by Sample Storage Rough Prep Prep @ Count Roomn W( /W OW U’«ﬂ)

Received by Sample Storage Rough Prep Prep Separations %@) / /f / 7 , 9

Relinquished by Sample Sorage Rough Prep Prep Separations ' \% i l } 2) g § ‘_/ L t \f ‘_"
Received by San@ Rough Prep Prep Separations Count Room
R‘;"nqms he dby I San;;;g o I - Seé;ramns e - Room RS TSP S P —
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep BSeparations Count Room
Re]imvl:ished by - Sample Storage Rough Pre;; Prap Separations Count Room :
Received by Sample Storage Rough Prep Prep Separations Count Room ‘
cemasionatty | sosonse  momees  fw  Swwstes  comuem |
006
Printed:  11/18/2014 3:06 PM
o . ’ Jva— s -
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Ak I t Work Order #
& nternal i
EBERLINE : f Lab Deadline 11/24/2014
SERVICES Cha}n O This L !4
. Analysis -
Oak Ridge Laboratory Custo d Y O-Leve
y Sample Matrix Water
Sample : HP 210 / 270 Storage
Comments Fraction | Detector Activity Location
04 ; 39 01.2
Location (circie one) “Tnitials_, | /] Date
Received by Sample Storage Rough Prep Prep Separations Count Room W / [ / /g //\J/ /6@
s {
Relinquished by Sample Storage Rough Prep Separations Count Room J/ IOAK
ol
"t —=
Received by Sample Storage Rough Prep Prep W Count Room W “4 g q /A
s .
Relinquished by Sample Storage Rough Prep Prep (Separations Count Room M /0‘1 /[,Q,{/Z«‘/ mﬂ
K/
Reteived by Sample Storage Rough Prep Prep Separations unt Room CZW >‘
Relinquished by Sample Storage Rough Prep Prep Separations »-@ \,w l
Ui nwesT
Received by Sa@ Rough Prep Prep Separations Count Room 3
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Gount Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Court Room
Relinquished by Sample Slorage Rough Prep Prep Separgtions Count Room

e

007

Printed:  11/18/2014 3:08 PM
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Internal

Work Order #

Lab Deadline

14-11095

Chain of 11/24/2014
0Oak Ridge Laboratory Analysis Ra226 - Level 4
C U StOd Y Sample Matrix Water
Sampie HP 210 / 270 Storag
Comments Fraction Detector Activity Locatio?m
o4 39 1.2

Location (circle one)

—Antals |

Received by Rough Prep Prep Separations Count Room

Relinquﬂi‘shed by k- Sample Storage Rough Prep * Sé;;a;at;;ns."‘ CountR;om
Recelved by Sample Storage Rough Prep Prep @:oni) Count Room

Relinquished by Sample Storage Rough Prep Prep Count Room
Received by Sample Storage Rough Prep Prep Separations [ 1]

Relinquished by Sample Storage Rough Prep Prep Separations ;@ % \ i\m‘\ i L\‘{\é?
Received by Sa@gsmrage ) Rough Prep Prep Separations Count Room i

Relinquished by ;a:;wp!e Storage Rough Prep Prep Separations éountRoom R - ” o
Received by Sample Storage Rough Prep Prep Separations Count Room 1

kml;”elinquish ed by Sample Storage Rough Prep Prep Separations Count Room ]

Received by Sample Storage Rough Prep Prep Separations Count Room

Relinquished by Sample Storage Rough Prep Prep Separations Count Room -
Received by Sample Storage Rough Prep Prep Separations Count Room

Relinquisheapgy Sample Storage Rough Prep Prep Separations Count Room

008
Printed:  11/18/2014 3:.06 PM
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’.K. Internal Work Order # 14-11095
EBERLINE : Lab Deadine 11/24/2014
z Stevices Chain of
Oak Ridge Laboratory Analysis Ra228 - Level 4
C U Sto d y Sample Matrix Water
Sample HP 210 7/ 270 Storage
Comments Fraction Detector Activity Location
o4 39 01.2
;
L
Location {circle one) Intials | 7 > Date
Received by Rough Prep Prep Separalions Count Room (% ,q\) { ( {g‘ { l{" [ ég@
Relinquished by Sample Storage Rough Prep rep ) Separations Count Room ] . .\D lDQ uli q‘ i‘-‘ ()s y gc_‘) 5
Received b Sample St Rough P P Count R ‘LLI
eceived by ample Storage ough Prep rep ount Room dmm ):Ql ';LQ
Relinquished by Sample Storage Rough Prep Prep Count Room O' 't'ffh W\, V‘ I’Z@‘ l\{

Received by Sample Storage Rough Prep Prep Separations m@ (7 %yz? - /2'/2—' |

Relinquished by Sample Storage Rough Prep Prep Separations @ w Ll m’i ™) I\'{\f?
Received by Sample Storage Rough Prep Prep (;eparanons ? Count Room @\Q&U/\ 1 Z’f [ H

Relinquished by Sample Storage Rough Prep Prep @M Count Room CﬁZf m i/ ZLP/ {
Received by Sample Storage Rough Prep Prep Separamn;_@g? ;; Lr ( // /Zé‘-—'
/’ -

Relinquished b Sample Storage Rough Prep ) Wns Bom
Y 5 g fosD S (p2ge—

Received by SW Rough Prep Prep Separations Count Room

Relinquished by gamp!e Storage Rough Prep Prep Separations Count Room ;
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room :
i
Printed:  11/18/2014 3:08 PM
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EBERLINE

Internal

Work Order #

Lab Deadline E

> Strvices Chain of ;
C u StO y Sample Matrix Water
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 39 01.2
i
Location (circie one) Initials Date
Received b Sample Storage Rough Pre Prep Separations Count Room
’ : i . ’ M Zomeuie
Relinquished b Sample Storage Rough Prep @ Separations Count Room {
Y M Zonevie O s
Received by Sample Storage Rough Prep Prep Separations Roo /7 { i
Relinquished b Sample Siorage Rough Prep Prep Spparations (@ , i
quished by 11 bl (23
Received by Sam@;@ Rough Prep Prep Beparations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Reom
Raceived by Sample Storage Rough Frep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separalions Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Bample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Printed:  11/18/2014 3:.08 PM
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Printed: 11/18/2014 11:16 AM

Page 1of 1

Internal Work Order

EEERLINE Sample Receiving Report 14-11095
S B ERVICES {Volumes, pH, & CPM) Received By
KCOULSTON
FR ClientID # Btls Comments Matrix Storage |Rec Vol Ttl] CPM Max
01 LCS 0 WA 01.2
a2 BLANK 4] WA 1.2
03 Dup y 0 WA 1.2
04 | FEE-BRI-W-FADW29206Ly | 2 8.00
Volumg (L}

4.0000
4,0000 39
Zg
\
“\t‘&\ *
011
MP-001, Rev S

Received by: EXAM)-EE&LQ@&MEQ_— Date: Ud( IR 1 X

Effective: 11/22/02

WLLFOIX4312 - 061 - 0030428
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0€¥0€00 - 100 - ZLEYVIOSTIM

. Client Name Contract/PO Project Type ) Date Received ] Required Turnaround Days herling ork Orde
Feezor Engineering, Inc. BT-026-PO1 | Environmental 11/18/2014 7 14-11095
o __ Project Name Client WO Sample Disp Lab Deadline Internal Deadline ent Dead
FEEBRI Fee/Brr Bridgeton, MO W 11/24/2014 11/25/2014 11/25/2014
i e R - st —————————
internat 1D Client 1D Sample Date | Matrix Storage IR A =
] « o £ = P
o | ® o I 3
01 LCS 11/18/14 WA 01.2 X x| x| x|x 5
02 BLANK 13/18/14 WA 012 X[x}pxjx| X 5
03 Dup 11/18/14 WA 01.2 XiX|{X|X]X 5
04 FEE-BRI-W-FADW29206L. 14/13/14 00:00 | WA 01.2 X X[ X X| X 5
4]
o
G
4]
a
¢
g
¢
1]
4]
4]
[+
a
4]
a
o
Totals Per Analysis (non QA samples) 111 101 110 o ‘e {0 ¢ 0 e¢jo0o ©6;0 0j0 016G 0/ a @ o
e ——————— e s sred et ——————————— Ao —————————— e e
Invoice Accounts Payable Report Data Dan Feezar
Feezor Engineering, Inc. Feezor Engineering, inc.
oak R|dge Laboratory 406 East Walnut Streat 406 East Walnut Street
@ E BERLINE 601 Scarboro Rd. Chatham, IL 52628 Chatham, L 62629
~ S e Rvices  OakRidge, TN 37830
Voice 217-483.3118 Voice  217-483-3118
Sample Log In Report Voice: (865) 481-0683 fax rox
Fax: (865) 483-4621 Contact  |Mike Bollenbacher
Voice B865-875-0879
iy Fax 885-675-3677

N
Printed: 11/18/2014 3:06 PM




STANDARD OPERATING PROCEDURE MP-001, Rev. 13

Effective: 10/31/13
Sample Receiving Page 130f 15

@ EBERLINE

BERVICES

Eberline Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST
MP-001-2

2 i
<N

WORK ORDER # f4=1710¢

€L
e

SAMPLE MATRIX/MATRICES: (CIRCLE ONE OR BOTH)

(AQUEOUS) NON-AQUEOUS

(CIRCLE EITHER YES, NO, OR N/A)

WERE SAMPLES:
Received in good condition? @ N
if aqueous, properly preserved @ N N/A

WERE CHAIN OF CUSTODY SEALS:

Present on outside of package?

Unbroken on outside of package?

Present on samples?

Unbroken on samples?

LRBIBIE

Was chain of custody present upon sample receipt?

[F THE RESPONSE TO ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT
(DSR) HAS BEEN ISSUED.

REMARKS:

SIGNATURE: a\(mm;n)(‘ L}\AQ/-)-(—W A pATE: _ILHB /1Y

Copy No. Radiochemistry Services

014

e

e
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» -
‘A‘ EBERLINE ANALYTICAL CORPORATION
601 SCARBORO RoAD
EBERLINE OAK RIDGE, TENNESSEE 37830
SERVICES PHONE {865) 481-0683
Z) FAX (865) 483462

EBS-OR-38233
December 4, 2014

Dan Feezor

Feezor Engineering, Inc.
406 East Walnut Street
Chatham, 1L 62629

CASE NARRATIVE
Work Order # 14-11095-OR

SAMPLE RECEIPT

This work order contains one water sample received 11/18/2014. This sample was analyzed for Isotopic
Uranium, Isotopic Thorium, Radium-226/228 and Gross Alpha/Beta.

CLIENT ID LABID
FEE-BRI-W-FADW29206L  14-11095-04

ANALYTICAL METHODS

Isotopic Uranium was analyzed using Method EML U-02 Modified. Isotopic Thorium was analyzed
using Method EML Th-01 Modified. Radium-226 was analyzed using EPA Method 903.0 Modified.
Radium-228 was analyzed using EPA Method 904.0 Modified. Gross Alpha/Beta was analyzed using
EPA Method 900.0.

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value.

[SOTOPIC URANIUM

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as
appropriate. Uranium was selectively extracted by ion exchange. Uranium was eluted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy
using energy specific regions of interest for Uranium-234, Uranium-235 and Uranium-238. Chemical
recovery was determined by the use of a Uranium-232 tracer. Activity of the Uranjum-232 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Sample demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for
all samples. The Uranium-234, Uranium-235 and Uranium-238 method blank demonstrated acceptable
results. Results for the Uranium-234, Uranium-235 and Uranium-238 duplicate demonstrated a high
relative percent difference; however, normalized difference is within acceptable limits for the analytical
technique. Results for the Uranium-234 and Uranium-238 laboratory control sample demonstrated an
acceptable percent recovery.

Page 1 of 3
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ANALYTICAL RESULTS CONTINUED

ISOTOPIC THORIUM

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as
appropriate. Thorium was selectively extracted by ion exchange. Thorium was eluted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy
using energy specific regions of interest for Thorium-228, Thorium-230 and Thorium-232. Chemical
recovery was determined by the use of a Thorium-229 tracer. Activity of the Thorium-229 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Sample demonstrated acceptable results for all Thorium analyses. Chemical recovery was acceptable for
all samples. The Thorium-228, Thorium-230 and Thorium-232 method blank demonstrated acceptable
results. Results for the Thorium-228, Thorium-230 and Thorium-232 duplicate demonstrated an
acceptable relative percent difference and normalized difference. Results for the Thorium-228, Thorium-
230 and Thorium-232 laboratory control sample demonstrated an acceptable percent recovery.

RADIUM-226

Sample was prepared by removing a representative aliquot followed by mixed acid digestions as
appropriate. This was followed by selective sulfate precipitations of the Radium. Sample was then
mounted by semi-micro-precipitations onto micro-porous filters, Sample was counted by alpha
spectroscopy using an energy specific region of interest for Radium-226. Chemical recovery was
calculated by the use of a Barium-133 tracer, which was determined by HPGe gamma spectroscopy-

Sample demonstrated acceptable results for all Radium-226 analyses. Chemical recovery was acceptable
for all samples. The Radium-226 method blank demonstrated acceptable results. Results for the Radium-
226 duplicate demonstrated an acceptable relative percent difference and normalized difference. Results
for the Radium-226 laboratory control sample demonstrated an acceptable percent recovery.

RADIUM-228

Following alpha spectroscopy analysis of Radium-226, Barium/Radium Sulfate precipitates were re-
dissolved and time allowed for sufficient ingrowth of the Actinium-228 daughter. After ingrowth,
Actinium-228 was selectively precipitated. Precipitates were filtered and beta emissions for Actinium-228
were then counted on a gas proportional counter. Chemical recovery was determined by the use of a
Barium-133 tracer, the activity of which was determined by HPGe gamma spectroscopy and an elemental
Yttrium carrier by gravimetric measurements. The product of these two recoveries was used to calculate
chemical yield.

Sample demonstrated acceptable results for all Radium-228 analyses. Chemical recovery was acceptable
for all samples. The Radium-228 method blank demonstrated acceptable results. Results for the Radium-
228 duplicate demonstrated a high relative percent difference; however, normalized difference is within
acceptable limits for the analytical technique. Results for the Radium-228 laboratory control sample
demonstrated an acceptable percent recovery.

GROSS ALPHA & BETA

Sample was prepared by evaporation of a representative volumetric aliquot acidified with HNOs. Reduced
sample was then transferred to a steel planchet for final evaporation to dryness and flaming. Sample was
then counted on a gas proportional counter. Results were corrected as required for inherent self-
absorption based on residual mass present.

Page 2 of 3
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ANALYTICAL RESULTS CONTINUED

GROSS ALPHA & BETA CONTINUED

Sample demonstrated acceptable results for all Gross Alpha and Beta analyses. The Gross Alpha and Beta
method blank demonstrated acceptable resulis. Results for the Gross Alpha and Beta duplicate
demonstrated an acceptable relative percent difference and normalized difference. Results for the Gross
Alpha and Beta laboratory control sample demonstrated an acceptable percent recovery.

CERTIFICATION OF ACCURACY

1 certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his’her
designee to be accurate as verified by the following signature.

NN

M.R. McDougall
Laboratory Manager

Date: 12/4/2014

Eberline Analytical wants and cncourages your feedback regarding our performance providing radioanalytical services. Please
visit hitpi//eww.eberlineservices.com/client.him to provide us with feedback on our services.

Page 3 of 3 048
. v

3
5.

WLLFOIA4312 - 001 - 0030435




SECTION 1V

ANALYTICAL RESULTS SUMMARY
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Printed: 12/4/2014 1:45 PM Page1of2
Report Tor . - Work Order Details:
Eberline Ana‘ytical Dan Feezor SDG: 14-11095
i ] Feezor Engineering, Inc. Purchase Order: BT-026-PO1
Final Report of Analysis 406 East Wainut Street Analysis Category: | ENVIRONMENTAL
Chatham, IL 62629 Sample Matrix: WA
L:?)b s;;np;ze C'l';“t s:;:ge R;Zi:”t A“g;{:'s B?gm Analyte Method Result cu csu MDA cv R::r?:
14-11095-01 | LCS KNOWN 111814 00:00 | 14118/2014 | 11/20/2014] 14-11085 | Gross Afpha |  EPA 900.0 Modified | 2.69E+02 | 1.16E+01 oCill
14-11095-01 | LCS SPIKE T4 0000 | 1171812014 11/20/2014 | 14-11085 | Gross Alpha |  EPA 900.0 Modified | 2.64E+02 | 3.66E+00 | 2.91E+01 | 2.52E-01 | 4.84E+00 |  pCil
14-11085.02 | MBL BLANK T84 0000 | 1171812014 ] 11/20/2014 | 14-11085 | Gross Alpha | EPA 900.0 Modified | 3.94E-02 | 6.81E-02 | 6.83E-02 | 145E-01 | 474E+00 |  pCil
14-11095.03 | DUP FEE-BRI-W-FADW29206L T D000 | 11/18/2014] 11/20/2014 | 14-11095 | Gross Alpha | EPA 900.0 Modified | 3.05E+01 | 7.77E+00 | 8.46E+00 | 5.36E+00 | 3.526+01 1  pCif
14-11095-04 DO FEE-BRI-W-FADW29208L 1113114 00:00 | 1111812014 11/20/2014 | 1411095 | Gross Alpha | EPA 900.0 Modified | 3.37E+01 | 81E+00 | 9.64E+00 | 7.82E+00 | 370E+01 |  pCil
141109501 | LCS KNOWN T118114 0000 | 14118/2014 | 11/20/2014] 14-11085 | GrossBeta | EPA900.0 Modified | 3.00E+02 | 8.99E+00 oCif
141108501 | LCS SPIKE 11814 0000 | 1171812014 | 11/20/2014| 14-11095 | Gross Beta | EPA 900.0 Modified | 2.83E+02 | 3.14E+400 | 3.93E+01 | 5.657E-01 | 188E+00 |  pCil
141109502 | WMBL BLANK TG4 0000 | 1111812014 | 11/20/2014 | 14-19095 | Gross Beta | EPA 500.0 Modfied | 165E-02 | 251E-01 | 251E-01 | 5.39B-01 | 1.79E+00 |  pCif
141109503 | DUP FEE-BRI-W-FADW29206L T4 0000 | 1171812014 | 11/20/2014 | 14-11095 | Gross Beta | EPA 900.0 Modified | 6.20E+01 | 8.23E400 | 1.20E401 | 1,18E+01 | 3.208+01 |  pCil
14-14095-04 DO FEE-BRI-W-FADW28208L T1aT1A 0000 | 1171872014 | 11/20/2014 | 14-11085 | GrossBeta | EPA 900.0 Modified | 6.02E+01 | 7.88E+00 | 1.15E+01 | 108E+01 | 2.80E+01 |  pCil
14-11095.01 | LCS KNOWN 11814 00:00 | 11118/2014] 11/20/20%4 | 14-11086 | Radium-226 | EPA903.0 Modified | 9.98E+00 | 4.598-01 pCif
41109501 | LCS SPIKE T 0000 111/18/2014 | 11/20/2014| 1411095 | Radium-226 | EPA 903.0 Modified | 1.10E+01 | 1.26E+400 | 265E+00 | 2.15E-:01 | 184E-02 | pCill
141109502 | MBL BLANK T4 0000 T 1118/2014] 11/20/2014 | 14-11095 | Radium-226 | EPAS03.0 Modfied | 246E-02 | 7.50E-02 | 7.52E-02 | 1.78E-01 | 7.27E:03 |  pCil
141909503 | DUP FEE-BRI-W-FADW28206L T4 00:00 [ 1911812014 11/20/2014| 1411096 | Radium-226 | EPA 903.0 Modified | 1.80E+00 | 7.50E-01 | 841E-01 | 380E-01 | 141E-02 | pCHl
141109504 | DO FEE-BRI-W-FADW28206L 1113114 0000 11171612014 ] 1112012014 | 14-11095 | Radium-226 | EPA 903.0 Modified | 1.70E+00 | 7.38E-01 | 821E-01 | 4.50E-01 | 2.19E-02 |  pCif
141109501 | LCS KNOWN TTAE4 0000 | 11/18/2014] 14/2412014] 14-11085 | Radium-228 | EPA 904.0 Modified | 7.38E+00 | 3.76E-01 pCif
14-11095-01 | LCS SPIKE a1 0000 T118/2014 | 11/2472014| 1411095 | Radium-228 | EPA 904.0 Modified | 7.82E+00 | 9.59E-01 | 201E+00 | 1.38E+00 | 113601 |  pCil
141108502 | MBL BLANK 711814 0000 | 1111812014 | 1172412014 1411095 | Radium-228 | EPA904.0 Modiied | B.86E-01 | 6.48E-01 | 6.666-01 | 1316400 | 1.11E-01 ; pCil
14-11095-03 | DUP FEE-BRI-W-FADW29206L TTTAA 0000 T 11148/2014 | 1972412014 | 1411085 | Radum-228 | EPA 904.0 Modified | 2.82E+00 | 5.89E-01 | 8.69E-01 | 9.50E-01 | 94802 | eCil
14-11095-04 Do FEE-BRI-W-FADW29206L T 0000 [ 19118/2014 | 1172472014 14-11095 | Radium228 | EPA 9040 Modfied | 2.10E+00 | 6.93E-01 | 840E-01 | 1.27E+00 | 109801 pCif
14-11095-01 | LCS KNOWN B4 D000 | 111182014 14/21/2014| 14-11085 | Thorium-228 |  EML Th-01 Modified | 5.10E+00 | 1.84E-01 oCil
141109501 | LCS SPIKE T84 00:00 | 14118/2014| 11/24/2014| 14-11095 | Thorum-228 | EML Th01 Modified | 5.04E+00 | 8.42E-01 | 9.67E-01 | 1208-01 § 3.528-02 |  pCil
141109502 | MBL BLANK e 0000 T 11118/2044| 1172112094 1411095 | Thorum-228 | EML Th-01 Modified | -212E-02 | 5.74E-02 | 574E-02 | 146E-01 | 7.568:02 | pCil
141109503 | DUP FEE-BR-W-FADW29206L A 0000 | 141182014 ] 1172172014 ] 14-11085 | Thorum-228 | EML Th-01 Modified | 1.01E+00 | 4.42E-01 | 4563E-01 | 272E-:01 | 638802 |  pCil
14-11095-04 Do FEE-BRI-W-FADW29206L. Tiana o000 | 41118/2014] 1172172014 | 1411085 | Thorum-228 | EML Th-01 Modified | 9.39E-01 | 3.64E-01 | 3.74E-01 | 189E01 | 381602 | pCU

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty {(2-sigma);MDA=Minimal Detected Activity;LCS=Laboratory Control Sample; NBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original;
CV=Critical Value
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EBERLINE

EBERLINE ANALYTICAL CORPORATION

‘ 601 SCARBORO ROAD OAK RIDGE, TN 37830

865/4L81-0683 Fax 865/483-462|

Printed: 12/4/2014 1:45 PM Page 2 of 2
Report To: Woik Order Defails:
Eberline Analytical | Danfeezr o 14-11095
i . Feezor Engineering, Inc. Purchase Order: BT-026-P0O1
Final Report of Analysis 406 East Walnut Street Analysis Category: | ENVIRONMENTAL
Chatham, IL 62629 Sample Matrix: WA
Lab Sample Client Sample Receipt | Analysis Batch Report
D Type D Date Date Date D Analyte Wethod Result cu sy MDA v Units
14-11095-01 LCs KNOWN 11/18/14 00:00 | 14/18/2014 | 11/24/2014| 14-11086 | Thorium-230 EML. Th-01 Modified 85.37E+00 | 1.45E-01 pCift
14-11095-01 LES SPIKE 11/18/14 00:00 | 11/18/2014| 11/21/20141 14-11005 | Thorium-230 EML Th-01 Modified 5.21E+00 | 8.65E-01 | 1.08E+00 | 898E-02 | 3.02E-03 pCid
14-11095.02 MBL BLANK 1141814 00:00 | 11/18/2014] 11/21/20141 14-11096 | Thorium-230 EML Th-01 Modified 1.38E-01 | 9.30E-02 | 9.45E-02 | 9.38E-02 | 227E-02 pCil
14-11085-03 pup FEE-BRIWW-FADWZ29206L 11/13/14 00:00 | 19/18/2014 ] 11/21/2014 1 14-11095 | Thorium-230 EML Th-01 Medified 1826400 | 6.21E-01 | 6.60E.01 | 1.59E-01 | 141E-02 pCift
14-11085-04 Do FEE-BRI-W-FADW29206L 14/13/94 00:00 | 11/18/2014] 11/21/2014 | 14-11085 | Thorium-230 EML Th-01 Modified 1.60E+00 | 4.98E-01 | 536E-01 | 1.708-01 | 2.99E-02 pGil
14-11095-01 LCS KNOWN 111814 00:00 | 14/18/2014 ] 11/24/20141 14-11095 | Thorium-232 EML Th-01 Modified 5.10E+00 | 1.84E-01 pCifi
14-11085-01 LCS SPIKE 118/14 00:00 | 11182014 | 11/21/2014} 14-11095 | Thorium-232 EML Th-01 Modified 5.00E+00 | 8.36E-01 | 9.45E-01 | 7.858-02 | 8.65E-02 pCift
14-11085-02 MBL BLANK 1111814 00:00 | 117182014} 11/21/2014 ] 14-11095 Thorium-232 EML Th-01 Modified 1.51E-02 | 3.78E-02 | 3.78E-02 | 7.86E-02 | 8.08E-02 pCif
14-11088-03 DUP FEE-BRI-W-FADW29206L 14713444 00:00 | 11118/20141 11/29/2014 | 14-11085 | Thorlum-232 EML Th-01 Modified 8.07E-01 | 3.27E-01 | 3.326-01 | 2.27E-01 | 2.01E-01 pCif
14-11085-04 [0 FEE-BRI-W-FADW28208L 11/13/44 00:00 | 11218/2014 ] 11/21/2014 | 14-11085 | Thorium-232 EML Th-01 Modified 8.53E.01 | 2.93E-01 | 2.88E-01 | 1.70E-01 | 1.50E-01 pCil
1
‘ 14-11088-01 LCS KNOWN 11748714 00:00 | 11/18/2014 | 11/21/2014] 14-11095 | Uranium-234 EML. U-02 Modified 7.94E+00 | 2.88E-01 pCid
14-110685-01 LCS SPIKE 1171814 0000 | 11/18/2014 ] 11/21/2014] 14-11095 | Uranium-234 EML. U-02 Modified 7.24E400 | 9,228-01 | 1.08E+00 | 6.23E-02 | 1.64E-02 pCift
14-11088-02 MBL BLANK 11/18114 0C:00 | 1171872014 ] 11721720141 14-11095 | Uranium-234 EML U-02 Modified 1.73E-03 | 2.42B-02 | 242E-02 | 6.91E-02 | 1.91E-02 pCilt
14-11085-03 DupP FEE-BRI-W-FADW28206L 11/13/14 00:00 | 11/18/2014] 11/21/2014 | 14-11085 | Uranium-234 EML U-02 Modified 0.44E-01 | 3.12BE-01 | 3.19E-01 | 1.868.01 | 7.226-02 pCil
14-11085-04 DO FEE-BRI-W-FADW29208L 114314 00:00 | 11/18/20147 1172172014 | 14-11095 | Uranium-234 EML. U-02 Modified 1.35E400 | 3.938.01 | 4.04E-01 | 1.43E-01 | 3.77E-02 pCHl
14-11095-01 LCS KNOWN 11718114 00:00 | 117182014} 11/21/2014] 1411085 ; Uranium-235 EML U-02 Modified plifl
14-11085-01 LCS SPIKE 14748114 00:00 | 14/18/2014} 11/21/2014 | 14-11095 | Uranium-235 £l U-02 Modified 4.97E-04 | 1.70E-01 | 1.74E-01 | 7.15E-02 | 8.63E-03 pCift
14-11085-02 MBL BLANK 11/18/14 00:00 | 11/18/2014] 11/21/2014 | 14-11085 Uranium-235 EML U-02 Modified 4.84E-03 | 287E-02 | 287602 | 6.81E-02 | 4.97E-03 pCifi
14-41085-03 pup FEE-BRIW-FADW282081L 11413/14 00:00 | 11/18/20141 11/21/2014 | 14-11085 Uranium-235 EML 102 Modified 1.026-01 1 1.266-01 | 1.26E-01 | 1.92E-01 | 3.20E-02 pCill
14-11095-04 DO FEE-BRI-W-FADW28206L 11413114 00:00 | $1/18/2014] 11/21/2014 1 14-11095 Uranium-235% EML U-02 Modified 1.56E-01 | 1.51E-01 | 1.51E-01 | 1.87E-01 | 2.31E-03 pCift
‘3 14-11085-04 R 9323 KNOWN 11748114 00:00 | 11/18/20147 11/21/2014 ] 14-11096 | Uranium-238 EML U-02 Modified 7.74E400 | 2.79E-01 pCH#l
’ 14-11088-01 LCS SRIKE 11418014 00:00 | 11/18/2014 | 11/21/2014 14-11095 Uranium-238 EML U-02 Modified 777E+00 | 9.77E-01 | 1.12E+00 | 577E-02 | 6.8CE-03 pCi
14-11085-02 MBL BLANK 141/18/14 00:00 | 11/48/2014] 11/21/2014 | 14-11085 | Uranium-238 EML. 4J-02 Modified 7.36E-03 | 3.37E-02 i 3.37E-02 | 7.88E-02 | 1.70E-02 pGi
E 14-11085-03 DUP FEE-BRI-W-FADW29206L 11/1314 00:00 | 11/18/2014] 11/21/20141 14-11095 Uranium-238 EML U-02 Modified 827601 | 2.876-01 | 2.93E-01 | 1.556-01 | 3.34E.02 PG
— ’ 14-11085-04 oo FEE-BRI-W.FADW29208L 11/13/14 00:00 1 11/18/2014| 11/21/2014] 14-11095 Uranium-238 EML. U-02 Modified 1.25E+00 | 374E-01 | 3.86E-01 | 1.32E-01 | 1.58E-02 pGiAl
-
M \
>
.
«
N CU=Counting Uncertainty;CSU=Combined Standard Uncertainty {2-sigma);MDA=Minimal Detected Activity;L.CS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Qriginal;
! CV=Critical Value
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ANALYTICAL STANDARDS
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Date

GA/QC REVIEWED | CERTIFICATE OF CALIBRATION

ALPHA STANDARD SOLUTION

b @finitials ﬂ

Radionuclide: U-238NAT Customer: TMA EBERLINE
Half Life: (4.468 + 0.005) x 1079 years P.O.No.: QOR2778
Catalog No.: 7338 Reference Date: Janary 1 1995 12:00 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8,016 nCi
Contained Radioactivity: (Total U) 297 kBq

Description of Sclution

a. Mass of solution: 65.2896 g in a 50 ml flame sealed ampoule

b, Chemical form: Uranyl Nitrate in H20

¢. Carrier content: None

d. Density: Approximately 1.3202 . g/ml @ 20°C.
Radioimpurities Refer to attached technical data sheet
Radioactive Daughters

Refer to attached technical data sheet
Radionuclide Concentration
(Total ) 0.1228 . pCilg.

Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.0%

b. Random uncertainty in assay: +0.0%

c. Random uncertainty in weighing(s): +2.0%

d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Tesi(s)

See reverse side for Leak Test(s) applied to this source.
Notes )

1. Nuclear data were taken from "Table of Radioactive Isotopes”™, edited by Virginia $. Shirley, 1986.
2. IPL participates in an NIST measurentent assurance program to establish and maintain implicit tracesbility for a rumber of nuclides,
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

Zi(Z B AULAS
, QUALITY CONTROL
22 PeeMbel 1224
Date Signed

1SOTOPE PRODUCTS LABORATORIES
3017 N, San Fernanpo Brvp,

150 T 0P E
rroDUCTS Bursank, CaLIFORNIA 91504

LABORATORIES

8188437000 Fax 81884306168

- " - -
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@@'—’9 QUALITY CONTROL PROGRAM

EEBERLINE
i&i’) MP-008

Rev.8; 11/01/03
Tite: Radioactlve Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

‘ MP 009

CURRENT DATE[ "
"] SOLUTION #[*

_9/2/2014 0:00
Ralf Life, 6ays

SOLUTION REFERENCE #{IPL'479-5(

Principal deionuc(ide X
==y [ 1632E%12]
Radionuclide]: < Reference Date|" 1/1/1995:0:00]
Certified Activity pCi
Certified Concentration|::% JuCl por gram

Ampoule /Solution Gross| . =
Empty Ampoule

Solution Net] .~

Total Activity in Ampoule| -

Weight, Grams
)|Weight, Grams
0{Weight, Grams
pCli

Chemical Composition of Standard Solution
{Uranyl nitrate in dilute:HNO'5

oo
e

|Dilution Instructions: Dilution Solvent Used [1M-HNO;

Dilute to a volume of|

WhichEquals | ' 1;780§+071dpm at the date listed above

. This activity concentration Is based on the original
And after dilution the activity of this solution is | 1.77955E+04dpm/mieference date listed above. All activities are corrected
’ to the date and time of analysis by the laboratory data
processing software.

Cortified Total Activity of} -~ '8,

Expiration Date:[ Juily 30, 2015 " |

Verified & Approved Byr—l\r\m N ;;  Date: 9/2/2014 0:00

QC Approval ¢ 2 c \: W Date; QI;«? ! F[?z |

024
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%g BERLINE QUALITY CS&F?OL PROGRAM

Rev.8; 11/01/03 .
Title: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
- SECONDARY DILUTION RECERTIFICATION

 MP-009 Date] —~ 9/2/2014 0:00
Solution Reference #[IPL478:50 " Solution #{ - AJ-8ansn
Prir}ci .ai Radionucﬁde Half Li_fe, Days
423538y P 1.632E+12]
Radionuclide of Interes] 5232007 Reference Date| /. 1/1/1995:0:00)
Parent Solution Conc.|-1:77 4 Jdpmimi

Chemi;al Composition of Standard Solution

Uranly:Nitrate:in, 1M HNO3
Dilution Instructions: Dilution Solvent Used [AM:HNOS':

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:[ .0000 Imi
Total Activity:| - dpm Final Activity Concentration:] -~ 7.1182E+01 [dpm/mi
Final Volume:[. .00 jmi :

This activity concentration is based on the original
reference date listed above. Al activities are
corrected to the date and time of analysis by the
tory data processing software.

NOTES:

tsutopic Distribution as:

U.238 Atom % = 48.239  U-238 = 71,152 dpmimi X 0.48240 = 34.345 dpmimi
U235 AMfom % = 2.25 U-235 = 71.182 dpmymi X 0.0225 = 1,602 dpmimi
U234 Aom % = 49,501  U-238 = 71.182 dpmim} X 0.48501 = 35.236 domimi
All valoes +- 38%

Expiration Date:]  July 30, 2015 |

{sotopic ratios from manufacturer's data sheet

Date: - 9/2/2014 0:00

Varified & Approved By
Date: ‘3[3 )
/ [

QC Approval

025
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e

* RECORD COPY

Description

Measurement

Accuracy

Radionuclidic
Purity

Isotopic
Purity

Chemical
Composition

Physical
Daia

Remarks

Approved
Signatory

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Technology, QSA.

4

Product Description & Measurement Certificate

Principal radiopuclide:  wranium 232 (U-232)

Daughter Nuclide: Th-228

Reference date;
Radioactive concentration U-232
which is equivalent to
Biass of sohation
Volume of solution
Tetal activity of U-232
which is equivalent to

Product code: UDP10050
Batch Number: 92/232/67

01 March 2000
6.739E+03 becquerels per gram of solution
1.821E-01 microcuries per gram of solution

B AR o
5.5 graEns

5.035 millilitres
3.61E+04 becquerels
9.76E-01 microcuries

Method of measurement (see reverse of this certificate)

Random uncertainty is: + 0.7%

Systematic uncertainty: £ 0.5%

Overall uncertainty in the radioactive concentration quoted above: = 1.7%
Overall uncertainty is defined on the reverse of this certificate.

Any radioactive impurities measured are listed below, expressed as percentages
of the activity of the principle radionuclide at the reference date .

Th-228 and daughter activity removed 2 Feb 2000

U-232 daughters activity will increase with time. By alpha 88% U-232, 12% daughters on 1/3/00

The isotopic composition, expressed as atom per cent at the reference date . |

Not measured

Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame sealed glass vial.

This Tracer solution has been produced 'carrier free'.

Recommended half lifs of wranium 232: 6.980E+01 years
Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%

Branching ratio for alpha emission: 100%

Calculated specific activity of yranium 232: 8.167E+05 Bq per microgram U-232, *

For safety information and notes to ensure correct usage by all persons handling this radioactive Tracer i
solution please read the instructions accompanying the package.

AEA Technology operates a quality management system which has been independently audited and

approved to ISO 9001.

0. i

Roger Wiltshire

Trkeert.wps 10/03/00

Project Ref, AE2315

|
o

AEA Technology is the trading name of AEA Technology ple

e
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Rev.8; 11/01/03

EBERLINE

THle: Radicactive Reference Standards Solutions & Records

| Radionugclide

Radionuclide
Cortified Activity
Certified Concentration

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
" PRIMARY DILUTION RECERTIFICATION
MP 009

CURRENT DATE| -~

1111 1/20140‘00

N

Chgmicgi Cgmposifiqn of Standarg So ﬁpn

; o o
Haif Llfe. Days
[ © 2.630E+04]
Reference Date|: '3/4/2600:0:00]
pCi .
:2:AuCi per gram
Ampoule /Solution Gross| "JWeight, Grams
Empty Ampoule}: .. |Weight, Grams

Solution Net].~ = . . [Weight, Grams
Total Activity in Ampoule] - 0,9760|rCi

JDilution Instructions:

QC Approval

Dilute to a volume of};::

Certified Total Activity of| - 0.9760}uCi Which Equals | ~.2.167E+06]|dpm at the date listed above

And after dilution the activity of this solution is| 2.167E+03|dpm/m! reference date listed above. All activitles are corrected

Verified & Approved , Date:  11/11/2014 0:00

Dilution Solvent Used [2MHNO; -

+1000:00: 3 |milliliters

This activity concantration is based on the original

to the date and ime of analysis by the laboratory data

QUALITY CONTROL PROGRAM 1
SERVICES MP-009 s :

processing software.

Expiration Date:[_November 4, 2015 |

Date: i !i 5}7(—

027
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%E mERpINE QUALITY cgmfm. PROGRAM

Rev.8; 14/01/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

Ha!f Lnfe, PDays

Prlnci ‘al Radionuc!lde
% | ~ 2.630E+04]
Radionuclide of Interes Reference Date|: 3/1/2000:0:00]

Parent Solution Cone.| -2: =1 dpmimi

Chemical Composltton of Standard S Iution
PZo(NOss i 2MHNOS:

S —— S

Dilution Instructions: _ Dilution Solvent Used [2MHNO;

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:] 71 -10:0000{ml

Total Activity:| 2167054-04 dpm Final Activity Concentration] - 2.1670E+01{dpm/mi
Final Volume:| '+ “4000.00}ml

This activity concentration is based on the original
referonce date listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

NOTES:

Expiration Date:] November 4, 2015 I

Verified & Appr;ed&(‘h Date: 11/11/2014 0:00

Date: i g%}!‘*’(’

[ . . PO
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QA/ 1P BEVIEWE 9
A\
bate [O/ 7/ 14 itials X QCN%@%KK v
" Radionnclide Th-230 Customer: T™A Esﬁkw %3@@%
Half Life:  (7.54 & 0.03) x 104 years P.O.No.: TT4944 @@%&
Catalog No.; 7230 Reference Date: November 1 1991 12.00 psT.
Source No.:’ 388-116 Contained Radioactivity: 1.036 4Ci.
Description of Solution . .
a. Mass of solution: 50042 '
b. Chemical form: Th(NO3)4 in 0.IN HNO3
¢. Carrier content: None added
d. Density: 1.0016 ml @ 20°C.
Radioimpurities
See attached technical data sheet
Radioactive Daughters
: See aftached technical data sheet
Radionuclide Concentration
0.207 #CUgram.

Method of Calibration

Weighed aliquots of the solation were assayed using a liquid scintillation counter.

Uncertainty  of Measurement

a. Systematic uncertainty in instrument calibration:

b. Random uncertainty in assay:
¢. Random uncertainty in weighing(s):

d. Total upcertainty at the 99% confidence level:

NIST Traceability

+2.0%
+0.5%
+0.2%
+2.7%

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Notes

1. Nuclear data were taken from "Table of Isotopes”, Seventh Edition, edited by Virginia S. Shirey,

2. IPL paicipates in an NIST measurement assurance program to establish and ruaintain implicit
traceability for a number of nuclides, based on the blind assay(and later NIST certification) of
Standard Reference Materials. (As in NRC Regulatory Guide 4.15)

1860 No. Keystone Street.,
Burbank, California 91504

ISOTOPE PRODUCTS LABORATORIES

(818) 843 - 7000

029
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@z * QUALITY CONTROL PROGRAM
EBERILINE

SErvicEs mp’oﬁs -

Rev.14; 1010/2012
Title: Radicactive Reference Standards Solufions & Records

~ EBERLINE SERVICES - OAK RIDGE LABORATORY i
RADIOACTIVE REFERENCE SOLUTIONS .
PRIMARY DILUTION RECERTIFICATION o
MP 009 !

CURRENT DATEI

SOLUTION REFERENCE #{IP1"388:116...

{Principal Radionuctide Falf Life, Years | Halt me, Days ]
7 BADER [0 784E+07|
Radionuclide : Reference Date|:. " 417/1/1991/0:00]
Certified Activity 0 Ci
Certified Concentration “InCi per gram
Ampoule /Solution Gross] " :2660{Weight, Grams
Empty Ampoule!™: :6218]Weight, Grams

Solution Net! " .654421Weight, Grams
Total Actlvity in Ampoulel- ;. :1.0360{uCi

Chemlcal Composition of Standard Solution

- =
Dilution Instructions: Dilution Solvent Used {0.1NHN
Dilute to a volume of}: Emilliliters
Certified Total Activity ofi - 1.03680|uCi Which Eauals | - 2:300E+06|dpm at the date listed above
. This activity concentration is based on the original
And after dilution the activity of this solution is| 2.300E+03|dpm/m! reference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software.
Expiration Date:[“February 24,2015 ]
Recertified By N . Date: 3/1/2014 0:00
=
QC Approval T _ ’}; 2 44§ 5\2 i Date: 5/ (9/ ! 9l
Lo haod \/' f ) i ¥
) na
(30
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- {Dilution Instructions: Dilution Solvent Used [N/ HNCG

- QUALITY CONTROL PROGRAM
TTEES MP.00G

Rev.14; 104102012
T#le: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date] -
Solution Reference #i—PL"388:1‘16”" : % Solution #1:
Principal Radionuclide Half L;fe. »Years t-iaif L:fe, Davs
+ | 754E+o7l
Radionuclide of Interest]; Reference Date| 124 4/1/1891:0:00}

Parent Solution Conc.|

Composition of Standard

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: Olmi
Totat Activity: 4| dpm Final Activity Concentration:| .- 2:2099E+01 | dpm/mi
Final Volume: mi

This activity concentration is based on the original
NOTES: reference date listed above. All activities are
: corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Dabe:l February 24, 2015 l

ReMﬁ® Q Date: 3/1/2014 0:00

Verified & Approved By k \ Date: Z { \) t \-b

7 =~ '
QC Approval _@@%‘ ‘ Date: 3 ILCQ{/ [t

P
}‘
:
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CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-232 Customer: ' TMA EBERLINE
Half Life: -(1.405 0.006) x 10"10years. ~  P.O.No: VHI1632 .
Catalog No.: .o 7232 Reference Date: ~ November 1 1993 12:00 PST.
Source No.: 435-104-2 Contained Radioactivity:  (Th-232) 0.0933 #Ci.
Contained Radioactivity:  (Th-232) 3.45 °  gmg.
Déscription of Solution . : t - - : C
a. Mass of solution: e 11.9712 g (in a 10 mf flame sealed ampoule)
b. Chemical form: : . Th(NO3)4in water '
¢. Carrier content: . .. None added , A
d. Density: . .. Approx, 1.21 . o &/ml @ 20°C.
Radioimpurities o : None detected (other than daughters). '
Radioactive Daughters . . ,
Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Po-212, T1-208 . . .
Radionuclide Concentration o A o ‘
(Th-232) 0.00779 . L . ;@g{é_
Method of Calibration ' -

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.0%

b, Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): S +2.0%

d. Total uncertainty at the 9% confidence level: . +3.6%
NIST Traceability ‘

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s) ‘

See reverse side for Leak Test(s) applied to this source.
Notes ' o :

1. Nuclear data were isken from “Table of Radioactive otopes", edited by Vicginia . Shirley, 1986 ‘
2. TPL participates in an NIST measurement assurance program o establish and maintain implicit traceability for a number of nuclides,
based on the blind assay (and Iater NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.13).

QUALITY CONTROL

Ny %, :"qqg
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California 91504

(818) 843 - 7000

- 032
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QUALITY CONTROL PROGRAM
EBERLINE L a0

SERVICES

Rev.8; 1/10/03
Titte: Radivactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

SOLUTION REFERENCE # IRL43

Gertified Activity
. Certified Concentrationj- =i

15{Weight, Grams
08 |Weight, Grams

149|Weight, Grams
;0933 |uCi

Empty Ampoule
Solution Net
Total Activity in Ampoule|:.

Chemical Composition of Standard Solution

Dilution Instructions: ; Dilution Solvent Used

‘Dilute to a volume o 00,00 |milliliters

Certified Total Activity off:

pwre

©-2.071E+05]dpm at the date listed above

Ak

0.0933|uCl Which Equals

This activity congentration is based on the original
reference date listed above. All activities are corrected
10 the date and time of analysis by the laboratory data
processing software.

" And after dilution the activity of this solution is|:2.071E+02|dpm/ml

Expiration Date: [ August 282015 -'{

Verified & Approved By Date: 912§2014 0:00

QC Approval

Date: j}é}l )‘f
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@gg iy | QUALITY CONTROL PROGRAM

Rev.8; 1/10/03
Tiie: Radioactive Reforence Standards Solutions & Records.

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MF-009 e . Date}

B 132E+12

Radionuclide of Interest] - 222 42%h . Reference Date] " 11/1/189370:00]
Parent Solution Cone.|: "2 S dpmiml
Chemical Composition of Standard SOIuﬂon
Th(NOs)sin 1% HNO;*:
Dilution Instructions: o Dilution Solvent Used 1% Nitric Agid™= R

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:] 2%500.0000 |ml
Total Activity: 1 0355E+05 dpm Final Activity Concentration:| - 1.0355E+02 | dpmiml
Final Volume:|: 00} ml

This activity concentration is based on the original
NOTES: . reference date listed above. Al activities are
’ corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:] “August 28, 2015

Verified & Approved 3:_‘\\ , Date: 9/2/2014 0:00
{ %} . Date: 0//3 /’ g/é
/ [/

QC Approval

- 0

WLLFOIA4312 - 001 - 0030451




24937 Avenue Tibbitts 72 ’/ 8

— :
’, lSOtOpe PrOdUCtS Valencia, California 91355

, Laboratories :
: ‘ Tel 661-309+1010
An Eckert & Ziegler Company Fax 661+257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

| Radionuclide: Th-229 Customer: EBERLINE SERVICES
| Half-life: 7340 % 160 years P.0. No.: 00009633
Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST
Source No.: 867-54 Contained Radioactivity: 1.013 uCi 37.48 kBg
{Th-229 only)
Physical Description:
A. Mass of solution: 5.0147 g in 5 mL flame-sealed ampoule
B. Chemical form: Th{NO;)s in 8.1M HNO,
C. Carrier content: 10ug ThimL
D. Density: _ , 1.0016 g/ml. @ 20°C,
Radioimpurities:

None detected (daughters in equilibrium)
Radionuclide Concentration: 0.2020 uCilg, 7474  kBagfg

Method of Calibration:

This source was prepared from a weighed aliquot of solution whose activity in uCilg was determined
using gamma ray spectrometry.

Peak energy used for integration: 193.5 keV

Branching ratio used: 0.0441 gammas per decay

Uncertainty of Measurement:

A, Type A (random} uncertainty: ¥ 0.7%
B. Type B (systematic} uncertainty: r 3.0%
C. Uncertainty in aliquot weighing: + 0.0%
D. Total uncertainty at the 99% confidence level:  31%

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.18).

- Nuclear data was taken from IAEA Technical Report Series No., 261.

- This solution has a working life of 5 years,

é U s 9- Jan-02-
Quality Control ~ Date Signed IPL. Ref. No.: 867-54

i
i
)
i
i
i
i
i
]
i
!
!

150 9007 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencla, California 91355 1800 North Keystone Street  Burbank, California 91504
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QUALITY CONTROL PROGRAM
EBERLINE MP-009

ﬁRV(GEﬁ

Rev.8; 1/10/03
Title: Radloactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE|
] SOLUTION # :
Half !.lfe Days

' 9/212014“0 00

SOLUTION REFERENCE #{IPL'867-54
Half Llfe, ‘_Years

| - 2:681 E+oe}
Radionuclide Reference Date| " f;"mi'sjz‘@ﬁz&:om;ol

Certified Activity
Certified Concentration|™

& JuCi per gram

Ampoule {Solution Gross|  1:8,7752|Weight, Grams
Empty Ampoule|.i.-:'3.7591|Weight, Grams
Solution Net| -~ 5.0161]Weight, Grams

Total Activity in Ampoulo " 1.0130|uCi

Chemnca’! gqmposiﬁon ot' Standard Solution _

L)iluﬁon Instructions: Dilution Solvent Used {0:4' M HNO;

Certified Total Activity of | @ 1.0130juCi Which Equals [ - 2.249E+06|dpm at the date listed above

, This activity concentration is based on the original
And after dilution the activity of this solution is | 2.249E+03|dpm/ml referenco data listed above. All activities are corrected
) to the date and time of analysis by the laboratory data
processing software,

Expiration Date:[ August 28,2015 |

I\~ ~ Date: 91212014 0:00

ADate:‘ C;Z%! {4

Verified & Approved By

QC Approval

3
SR EC R
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REINE MP-009

Rev.7; 8/29/89

QUALITY CONTROL PROGRAM

Tdle: Radivactive Reference Standards Solutions & Records

SECONDARY DILUTION
MP-GGQ

EBERLINE SERVICES - DAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS

RECERTIFICATION

Solution Referenee #liPL867-54 -

Radicniclide of Interes
Parent Solution Conc.|:~

Ha}f L;fe _Years

Half Life Days
o 2 SS’?E*O ,

Refarsnce Date|

Vol. Parent Solution:{ " 140!
Total Activity:]
Final Volume:f:.:.

NOTES:

Dilution Instructions: Dilution Solvent Used [GTM ANO;

SECONDARY VOLUMETRIC DILUTION

e

Final Activity Concentration:| T 2.2490E+01 {dpm/ml

This activity concentration is based on the original
reference date listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:l \August 28, 2016 [

Date: 9/2/2014 0:00

Date: 7’[3/’%
[/ /

h 0T
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CERTIFICATE OF CALIBRATION/qC ‘Rz‘{\}?gwgg
ALPHA STANDARD SOLUTION, 2/2h¢ s 4

Radionuclide: Ra-226  Customer:. TMA EBERLINE
Half Life: . 16800 + 7 years . P.O.No.: VH1888 '
Catalog No.: 7226 . . ReforenceDate:  February 11994 . 12:00 psT.
Source No.: : 453-26 Contained Radioactivity: (Ra-226) 1.001 puCi.-
Contained Radioactivity: (Ra-226) 37.0 kBq.
Description of Solution - - ’
a. Mass of solution: e 1864 glna 5 ml Flame Sealed Ampoule)
b. Chemical form: Ra(NO3)2 in 1 N HNO3
¢. Carrier content: Nons added o
, d. Density: ' 10318 - g/ml @ 20°C.
Radioimpurities : * None detected(other than daughters) *
Radioactive Daughters ‘ ‘
Rn-222, Po-218, At-218, Pb-214, Bi-214, Po-214, Tl—210 Pb~210 Bi-210, Po~210 and T1-206.
Radmnuchde Concen@ratlon o ' L .
. (Ra-226) 0.1929 , L. il
Method of Calibration v o

Weighed aliquots of the solution were assayed using gamma spectrometry
Energy peak(s) integrated under: 186 keV.
Branching ratio(s) used: 0.0351 gamma rays per decay.

Uncertainty of Measurement ,

a. Systematic uncertainty in instrument calibration: +3.4%

b. Random uvncertainty in assay: +3.1%
¢ Random uncertainty in weighing(s): h +0.2%

d. Total uncertainty at the 99% conﬁdence level: . +4.6%
NIST Traceability

This calibration is implicitly traceable to the Nanonal Tnstitute of Standards and Technology.

Leak Test(s)

See reverse side for Leak Test(s) applied fo tlns source,
Notes

1. Nuclear data were takén fiom *Table of Radioactive Isotopes™, edited by Virginia 8, Sh:rley, 1986.
2, IPL participates in an NIST measurement assurance program to éstablish and maintain implicit traceability for a number of nuchdes,

“““““ E 2 bagsd 6f the Blind WY (ad Ta1eF NIST certification) of Sandard "Refiienté Materils TAT il NRC Regulmory Guide 4. 15y,

Oonee U, W
QUALITY CONTROL

leh. 3, 1994
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street
“Burbank, California 91504

(818) 843 - 7000
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% QUALITY CONTROL PROGRAM
EBERLINE MP 009

Rev.8; 11/01/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
' NP 009

CURRENT DATE] - 1111 ?12014 U 00
SOLUTION #|. “Ra-b. "

Hatf Llfe, Years Half Lsfe, Days

SOLUTION REFERENCE #|IPL483-26 <1~
lPrmcupal Radionuchde

L S 4

| . 5.844E+05|
Radionuclide | “°Radium; Reference Date|~ <. 2/1/10964 0:00]
_Certified Activity (
Certified Concentration].”, = 1uCi per gram

Ampoule /Solution Gross| -~ 7 |Welght, Grams
Empty Ampoule] - -|Weight, Grams
Solution Net| -~ "= -|Weight, Grams

Total Activity in Ampoule| -~ 1.0010|uCi

Chemlcal Composmon of Standard Solutlon

|pitution Instructions: Dilution SolventUsed - [IMHNO;" -

Dilute fo a volume of} -

s | millititors

Certified Total Activity of [~ . - L. 2,222E+06{dpm at the date listed above

) . . . . . This activity concentration is based on the original
And after dilution the activity of this solution is| 2.222E+03{dpm/ml  reference date listed above. All activities are corrected

to the date and time of analysis by the laboratory data
processing software.

Expiration Date:[ October 24, 2015. |

Verified & Approved’B:N S N Date: 111172014

Date: w4 ;g/j/ e

...... 03§
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%gﬁg ERLINE QUALITY Crgholo'l;ROL PROGRAM

Rev.8; 1104103
Tile: Radioactive Reference Standands Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP 009 Date 14/41/2014 0:00
Solution Reference #|iP1:=463-26 i Solution #]:: 2a-5h
Principal Radionugclide Half Life, Years Half Life, Days
SZRadium 1:600E+03] P 5 844 E+08)
Radionuclide of interest}: Reference Date}: 57
Parent Solution Conc.| )

Chem_ical Com ost_t;gn f S n’ga.rd qiuﬁpn

(NOg)z in Af

—

Dilution Instructions: ‘ Dilution Solvent Used [ANEEN

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: :0000{ml ‘
Total Activity: 04 dpm Final Activity Concentration: [ 7-::4:4440E+01}dpm/ml
Final Volume: 00]ml This activity concentration is based on the original

reference date listed above. Al activities are
corrected to the date and time of analysis by the
NOTES: laboratory data processing software.

Expiration Date:l October 24, 2015 [

Verified & Approved By Date: 1171172014 0:00

QC Approval @m Date: nxgéy:{:

e -

WLLFOIA4312 - 001 - 0030457
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RA-\
ANALYTICS 1380 Seaboard Industrial Bvd.

Aflanta, Georgia 30318 - USA.

Phone (404) 352-8677
Fax  (404) 352-2837

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

master solution was calibrated using a germanium gamma
spectrometer system.

s
62680-416 3
. . O~
Ra-228 5 mL Liquid in Flame Sealed Vial >y
This standard radionuclide source was prepared 4%5
gravimetrically from a calibrated master solution. The ‘ji,,—
4 cﬁ

Radionuclide purity and calibration were checked using a
germanium gamma spectrometer system. The nuclear decay rate
and assay date for this source are given below.

A'i'lw

Y

ANALYTICS maintains traceability to the National Institute
of Standards and Technology through Measurements Assurance
Programg as described in USNRC Reg. Guide 4.15, Revision 1.

Me &ltlol 8
v

ISOTOPE: Ra-228

ACTIVITY (dps): 2.585 E3

HALF-LIFE: 5.75 years ¥

CALIBRATION DATE: November 7, 2001 12:00 EST -

TOTAL UNCERTAINTY*: 4.0% S
SYSTEMATIC: 3.0% K
RANDOM : 1.0% “§’\:

*99% Confidence Level

Impurities: y-impurities (other than decay products) <0.1%
5.07198 grams 0.1M HCl solution with 50 ug/g Ba carrier.
P O NUMBER 9508, Item 1 (Part #4339A)

SOURCE PREPARED BY: // /ﬂ /

M. D. Currie, Radiochemist

O A APPROVED: | // (W uSf il ) ey

3&

€11

5

WLLFOIA4312 - 001 - 0030458
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QUALITY CONTROL PROGRAM ‘
%—E ERLINME MP-009 ) L
Rev.B; 1/10/03 H
Tile: Radicactive Reference Standards Solutions & Records ' [

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
RECERTIFICATION
MP 009

CURRENT DATE|:
SOLUTION #{'

SOLUTION REFERENCE #[ARalyiics 6268045
Principal Radionuclide Half Life, Years

Radionuclide
Certified Activity

Reference Date} 2003:0:0¢ N
| nCi ‘ : P

Certified Concentration 1uCi per gram i
Ampoule /Solution Gross Bez|Weight, Grams
Empty Ampoule 895|Weight, Grams é
Solution Netj . 7 {Weight, Grams

Total Activity in Ampoule| - 5991 uCi

Chemical Composition of Standard Solui

a— ——— = - s

{Dilution Instructions: Dilution Solvent Used |osMmHCE

Dilute to a volume of milliliters

Certified Total Activity of}.

:0:0699{uCi Which Equals [ 1:551E+05|dpm at the date listed above

TTTTY This activity concentration is based on the original
561E+02|dpm/ml reference date Jisted above. All activities are corrected
fo the date and time of analysis by the laboratory data
processing soffware,

And after dilution the activity of this solution is| 1:

Expiration Date:[ ‘March 11,2015

Date: 313014
Date:. &3 { { '&1‘

. 042
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o Ba-b
7 e
By, Rational Institute of Standards & Technology

= §,§‘\v

= Ctificate
&g!‘“ ‘Y Standard Reference Material 4251C°° O

_'*. Barium-133 Radioactivity Standard . ‘§“ |

g

This Standard Reference Material (SRM) consists of radioactive barium-133 chloride, non-radioactive barium
chloride, and hydrochloric acid dissolved in 5 mL of distilled water. The solution is contained in a flame-
sealed NIST borosilicate-glass ampoule. The SRM is intended for the calibration of ionization chambers and
solid-state gamma-ray spectrometyy systems. o o . :

Radiological Hazard

The SRM ampoule contains barium-133 with ‘a total activity of approximately 2.5 MBq. Barium-133 decays
by electron capture and during the decay process X-rays and gammarays with energies from 4 to 400 keV are
emitted. Most of these photons escape from the SRM ampoule and can represent a radiation hazard.
Approximate unshielded dose rates at several distances (as of the reference time) are given in note [a]*.
Appropriate shielding andfor distance should be used to minimize personnel exposure. . The SRM should be
used only by persons qualified to handle radioactive material. . . ... . ., o

Chemical Hazard
The SRM ampoule containg hydrochloric acid (HCI) with a concentration of 1. mole per liter of water. The
solution is corrosive and represents 2 health hazard if it comes in-contact with-eyes or skin, If the ampoule
is to be opened to transfer the solution, the recommended procedure is given on page 2. The ampoule should
be opened -only by persons qualified to handle both radicactive material and strong acid solution.

Storage and Handling

The SRM should be stored and used at a temperature between 5 and 65 °C. The solution in an dﬁbpeﬁéd
ampoule should remain stable and homogeneous until at least June 2004.

. The ampoule (or any subsequent container) should always be clearly marked as containing radiocactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
good (hazardous material) both because of the radioactivity and because of the strong acid.

Preparation

This Standard Reference Material was prepared in the Physics Laboratory, Ionizing Radiation Division,
Radioactivity Group, J.M.R. Hutchinson, Group Leader. The overall technical direction and physical
measurementsleading to certification were provided by L.L. Lucas of the Radioactivity Group and D.B. Golas,
Nuclear Energy Institute Research Associate.

The support aspects involved in the preparation, certification, and issuance of this SRM were coordinated
through the Standard Reference Materials Program by N.M. Trahey.

Gaithersburg, Maryland 20899 Thomas E. Gills, Chief
QOctober 1994 Standard Reference Materials Program
SRM 4251C, page 1 of 6 - *Notes and references are on pages. 5 and 6.
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QUALITY CONTROL PROGRAM
QCP-009 ‘

EBERLINE

BERVICES

Rev.8; 11/10/03
Tie: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
QCP 009-1

CURRENT DATE].- " -~
SOLUTION #

N

SOLUTION REFERENCE #
T

" IPrincipal Radionuclide

81|Weight, Grams

7582 Weight, Grams
459|Weight, Grams

S7TuCL

Ampoule /Solution Gross|
Empty Ampoul

Solution Net/.

Total Activity.in Ampoule]. 66

Chemical-Composition-of Standard Solution-

Dilution Solvent Used

Dilution Instructions:

mililiters

Dilute to a volume of|

- AAT8E+08|dpm at the.date listed above .

c,ertiﬁpd TQ@! A!‘:’ﬁ\ﬁfy of 665577 pCi Which Equals l‘:':f
‘ This activity concentration is based on the original

. And after dilution the activity of this solution is 1.478E+05|dpm/ml 1o cnce date listed above. All activities are corrected
to the date and time of analysis by the laboratory data

processing software.

Expiration Date:[ .~ May 22,2015 |

Date: 5/31114
Qc Approvd_w A gg @  Date: c?/a-l/z fL
g

044

oo
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EBERLINE QCP.009

BERAVICEE

%  QUALITY CONTROL PROGRAM

Rav.8; 11/10/03
Tile: Radicactive Reference Standards Solutions & Records

‘EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

Date

QCP-009-1-A
Solution Reference #{NIST:SRM425

TPrincipal Radionuclide Half Life, Years

! Radionuclide of Interest]:
‘ Parent Solution Cone.{;

rDi!ution Instructions: Dilution Solvent Used ANGE
SECONDARY VOLUMETRIC DILUTION
Vol, Parent Solution:

Total Activity:
Final Volume:

Final Activity Concentration:] B5OS0F+03|dpmimi

| This activity concentration is based on the original
- NOTES: reference date listed above. All activities are

3 : corrected to the date and time of analysis by the

f laboratory data processing software.

Expiration Date:l May 22, 2015 l

Verified & Approved By /\\*\__\"19\ Date: 5/31/14
1T 17
i

N/

- AR, o TG A ST e . -

—
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QA/QC REVIEWED An-d
ANALYTICS e /30 A 130 e v

Phone {404) 352-8677
Fax  (404) 352-2837

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

52094-416

Am-241 10 mL Liquid in Flame Sealed Vial

This standard radionuclide source was prepared gravimetrically
from a calibrated master liquid radionuclide solution source.
The master source was calibrated by liquid scintillation
counting.

ANALYTICS maintains traceability to the National Institute of
Standards and Technology through Measurements Assurance Programs
as described in USNRC Reg. Guide 4.15, Revision 1.

ISOTOPE: Am-241
ACTIVITY (dps): 1.975 E+05
HALF~LIFE: 432.2 years
CALIBRATION DATE: March 19, 1996 12:00 EST
TOTAL ERROR: 3.0%
SYSTEMATIC ERROR: 2.37%
RANDOM ERROR: 0.63%

10.01177 grams of solution 1M HCI1.

P O NUMBER OR3830, Item 1

SQOURCE PREPARED BY:

¢ A APPROVED:

075
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T EERVICED

@ggagmms QUALITY CONTROL PROGRAM

Rev.8; 1110/08
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION (RE-CERTIFICATION)

Datal ,

Solution Reference #[Analylics 52084-416 -~ -
Pring:igal Radionuclide
P Amnericium

Haif Lﬂ‘e Days
I 1.579E+08]

Radionuctide of Interest, S
Parent Solution Conc.{%"

Reference Date|’

“2/19/1996 0:00}

Ghemi;gl Composition of Standard Solution

T-‘;F
Dilution Instructions: Dilution Solvent Used [1MHNO
SECONDARY VOLUMETRIC DILUTION
Vol. Parent Solution:| > -'80,0000 imi
Total Actlvity:} . 1~1 O0E+05 {dpm Final Activity Concentration:] .~ 7.1100E+02 |dpm/mli
Final Volume:} .- 321000,00{ml ,
This activity concentration is based on the original
s reference date listed above. All activities are
NOTES: corrected to the date and time of analysis by the
laboratory data processing software.
Expiration Date:i August 15, 2015 I
Verified & Approved By: ?\ X Date: C 924
| 3
QC Approval; . Date: ‘}1& }‘-}
_ ‘ [
017
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o S0
w fdmx | | 13 adin
FEN pational Institute of Stanvards & Technology

~ Certificate

Standard Reference Material 4234A
Strontium-90 Radioactivity Standard -

This Standard Reference Material (SRM) consists of radioactive strontium-90 chloride, non-radioactive
strontium chloride, non-radioactive ytirium chioride, and hydrochloric acid dissolved in 5 ml. of distilled water.
The solution is contained in a flame-sealed NIST borosilicate-glass ampoule. The SRM is intended for the
calibration of beta-particle counting instruments and for the monitoring of radiochemical procedures.

Radiological Hazard

The SRM ampoule contains strontium-90 with a total activity of approximately 13 MBq. Strontium-90 decays
by beta-particle emission to yttriura-90, which also decays by beta-particle emission. None of the beta particles
escape from the SRM ampoule,  The beta particles emittéd from strontium-90 and yttrium-90 produce
bremsstrahlung photons with energies up to 2 MeV. Most of these photons escape from the SRM ampoule
and can represent a radiation hazard. Approximate upshielded dose rates at several distances (as of the -
. reference time) are given in note [a]*. Appropriate shielding and/or distance should be used to minimize
personnel exposure. The SRM should be used only by persons qualified to handle radioactive material.

Chemical Hazard

"The SRM ampoule contains hydrochloric acid (HCI) with a concentration of 1 mole per liter of water. The

- solution js corrosive and represents a health hazard if it comes in contact with eyes or skin. If the ampoule
is to be opened to transfer the solution, the recommended procedure is given on page 2. The ampoule should
be opened only by persons qualified to handle both radioactive material and strong acid solution.

Storage and Handling

The SRM should be stored and used at a temperature between 5 and 65 °C. The solution in an unopened
ampoule should remain stable and homogeneous until at least March 2005, :

The ampoule (or any subsequent container) should always be clearly marked as containing radioactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
. good (hazardous material) both because of the radioactivity and because of the strong acid. : :

Preparation

This Standard Reference Material was prepared in the Physics Laboratory, Tonizing Radiation Division,
Radioactivity Group, JM.R. Hutchinson, Group Leader. The overall technical direction and physical
measurementsleading to certification were provided by L.L. Lucas of the Radioactivity Group and D.B. Golas,
Nuclear Energy Institute Research Associate.

The support aspects involved in the preparation, certiﬁcation; and issuance of this SRM were.coordinated
through the Standard Reference Materials Program by N.M. Trahey. ‘ ‘

Gaitheréburg, Maryland 20899 . ; . Thomas E. Gills, Chief

- May 1995 (Text only revised November 1997) o Standard Reference Materials Program:

| SRM4234A,page 10f 6 : ‘ *Notes and references are on pages 5 and 6.
\‘\ ‘ :

w— e
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Rev.7: 012000

Q
%%%%%% QCP-008

Tle: Radioactive Reference Standards Solutions & Records

UALITY CONTROL PROGRAM

<50,
Sogontum:

- |Principal Radionuclide '

Radionuclide of Interest
Parent Sofution Cong,

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION (RE-CERTIFICATION)

QCP-009- Date "

NIST 42

1-A

Reference Datel:

The beta actvity of solwiion reflects the onginal
®strontium concentration and an equal
concentration of “Ytrium.

jutio

Chemical Composition of Standard

i ——

Dilution Insfructions:

Verified & Approved By . b Date: 09/02/14
- "] N i » ) ‘
QC Approval é ;ﬁ& Bg& :Q E - Date: Q/Q/ / 7[
{r

Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION’

7.5764E+02]dpmiml

Final Activity Concentration:|.* .

This activity concentration is based on the original
reference date listed above. All activities are:
corrected fo the date and time of analysis by the
laboratory data processing software.

Expiration Date:[_August 15, . 2015 |

049

T .
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Eberline Services

Printed: 11/21/2014 12:49 PM

Analysis Control Chart Page 10f2
WO . Analysis Run Activity Units Aliguot Units Client Name:
UUISO 1 pCi 1 Feezor Engineering, Inc.
Laboratory Control Sample
t
Normatized LCS csy LCs Uncert. i Known Standard Standard Standard Standard
Analyte Diff ™ 1 M 4 Expected Expected Knawn Error Resuit csu D ACT {dpm) Error Added (g)
U-234 1.28 91.11% 14.60% 100.00% 3.60% 7.84E+00 | 2.86E-01 | 7.24E+00 | 1.06E+00 U-8a 3.52E+01 | 3.60E+00 | 5.01E-01
1-238 0.04 100.33% 1 4.46% 100.00% 3.60% 7.74E+00 | 2.79E-01 | 7.77E+00 | 1.12E+00 U-8a 3.44E+01 | 3.60E+00 | 5.01E-01
Matrix Spike
Anaf Normalized MS Actual Expected Expected Actual Actual Pl Samph Pl o Standard Standard Standard
nalyte Difference % Rec ME Resuit MS Uncert MS Resuit MS CSU Resuft Csy Aliguot in ACT {dpmy} Error % Added (g}
Replicate Sample QC Summary
Normalized orig Original Repl Replicate | L.CS Relative 9 M % MS ND Rep RPD Rep ND
Analyle Ditferance RPD Result C3u Resuft csu Bias LCs%R LCS ND S%R e “p

U-234 1.54 35.37 1.35E+00 | 4.04E-01 9,44E-01 3.19E-01 0.91 OK 0K INV OK

1-238 1.70 40.47 1.25E+00 | 3.85E-01 8.27E-01 2.93E-01 1.00 OK OK INV OK

U-235 0.54 42.08 1.56E-01 1.51E-01 1.02E.01 1.26E-01 0K oK NA OK

RS Version
fromde
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PN
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Eberline Services

Printed: 11/21/2014 12:4% PM

Analysis Control Chart Page 2 0f 2
W0 i Analysis Run Activity Units Aliguot Units ;
- ? . .
UUISO 1 pCi 1 | Feezor Engineering, Inc.
LCS % Recovery Replicate Sample RPD
130.00
4000
120,60 — - W——— — ——— —— - N {— o—
3500 — — —— — - —— — — —— —— ]—_—— -
110,00 -I- 3000
100.00 2500
$0.00 20.00 7
15,00 4
80.0¢ a—— — —— O —— y— — — ]—
10.00
000
: U234 U238 500
— Lower Error 72.90 8227 oo
" Upper Enror 16551 11839 U234 U238 U235
o %R 51 100,35 — Lower Eaor 40,95 4706 64.71
o —lcL &6 8 — Upper Emor 7576 33.66 15,46
Woan 160 60 o RPD 337 A0.47 1508
g V-1 R 120 120 I——_N 35 a5 35
Normalized Difference
3.50 No Matrix Spike
2.00
2.50
2.00
1.50
1.00 i
0.50 -
0001 LCS ND REP ND MS ND
1.29 1.54 0.00
o 1 ¥ 5207 0.04 1.70 .00
e— 0.00 0.00 0.00
— I 3 3 3
':’: Version
Lt
oo




Eberline Services Printed: 11/21/2014 12:48 PM

Analysis Control Chart Page 1 of 2
WO Analysis Run Activity Units Aliquot Units Client Name
ThiSO 1 pCi I Feezor Engineering, Inc.
Laboratory Control Sample
Normalized LCS csu LCS Uncert. Known Standard Standard Standard Standard
Arnalyte Diff M d M g Expected Expected Knawn Error Result csu n ACT {dpm) Error Added (g}
TH-228 0.12 98.83% 19.19% 100.00% 3.60% 5,10E+00 | 1.84E-01 5.04E+00 | 9.67E-01 Th-8b 1.04E+02 | 3.60E+00 | 1.09E-01
TH-230 0.28 97.15% 20.69% 100.00% 2.70% 5.37E+00 | 1.45E-01 5.21E+00 | 1.08E+00 Th-1b 2.35E+01 | 2.70E+00 | 5.06E-01
TH-232 0.20 98.09% 18.90% 100.00% 3.60% 510E+00 | 1.84E-01 5.00E+Q00 | 9.45E-01 Th-8b 1.04E+02 | 3.60E+00 | 1.09E-01
Matrix Spike
Anai Normalized MS Actual Expected Expected Actual Actuat joil Sampt A Standard Standard Standard
alyte Ditference % Rec MSResult | MSUncert | MS Result MS CSU Result csy Aliquot 7 ACT (dpm) Error % Addad (g}
Replicate Sample QC Summary
Anaiyte Normalized RPD Original orginal Replicats plicate | LCSRelative | ycsr | Leswp MS %R MS ND RepRPD | RepND
TH-228 0.24 7.51 9.39E-01 3.74E-01 1.01E+00 | 4.53E-01 0.99 OK OK NA OK
1! TH-230 0.51 12.93 1.60E+00 | 5.36E-01 4.82E+00 | 6.60E-01 0.97 OK oK OK OK
TH-232 0.20 7.31 6.53E-01 2.98E-01 8.07E-01 3.32E-01 0.98 OK OK NA OK

Versicn

eV
A
ok

gl
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Eberline Services Printed: 11/21/2014 12:48 PM
Analysis Control Chart Page 2 of 2
WO Analysis Run__ | Activity Units Aliquol Lnils Client Name
ThISO 1 pCi | Feezor Engineering, Inc.
LCS % Recovery Replicate Sampie RPD
130.00 4
40.00 4
120.00 - R S ————— L s
38.00 — ——— — — - — o—— W o— — — oo —
110.00 30.60 4
10000 2500
r'Y L 4
eh.oo 20400
15.00 4
£0.00 - —— o — — it e oo o o LCL E
hw 1000 4
TG E i
TH228 TH.230 TH-232 5.00
- Lower Error 76.04 73.76 75.58 0.00
" Upper Error 121.62 120,68 13058 TH-228 TH230 TH232
o %R 9883 5715 95.06 T Lowor Enror $10 1519 814
o —LCL 80 0 0 = Upper Errar 582 1066 548
Moan 60 100 66 o RPD 751 1268 751
oL 120 20 126 Ny S 35 35
Normalized Difference
a0 No Matrix Spike
3.00
2.50
2.00
1.50
1.00
0.50 l J
0001 LCS ND REP ND MS ND
— 1228 0.12 0.24 0.00
ot THA230 0.28 0.51 0.00
YoL 3 3 3
P Version

(bR




Eberline Services Printed: 11/20/2014 3:13 PM

C/l¥0€00 - 100 - CLEPVIOATIM

PR

Analysis Control Chart Page 1of 2
WO Analysis h Run Activity Units Aliquot Units - Client Name
Ra226 1 pCi I Feezor Engineering, Inc.
Laboratory Control Sample
Normalized LCs sy LCS Uncert. Known Standard Standard Standard Standard
Analyte Diff " R " " Bxpected E ot Known Error Result csu s AGT (dpm) Errar Added (g}
RA-226 0.76 110.38% 24.04% 100.00% 4.60% 9.98E+00 | 4.59E-01 1.10E+01 | 2.65E+00 Ra-5b 4.40E+01 | 4.60E+00 | 5.03E-01
Matrix Spike
Anat Normalized M8 Actual Exp o Exp o Actual Actual Sampi Sampi Samp of Standard Standard
alyte Difference % Rec MSResult | MSUncert | MSResult M5 CSU Result csu Atiquot D ACT (dpm) Error % Added (g}
Replicate Sample QC Summary
Normaiized Original Original Repli Repli LCS Relative N o
Anaiyte ‘;g:fejfw RPD Rt vy P s Bias LCS %R LCSND MS %R MS ND Rep RPD Rep NI
RA-228 0.16 5.62 1.70E+00 | 8.21E-01 | 1.80E+00 | B.41E-01 1.10 OK OK NA OK
apa .
o Version
ot
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Eberline Services Printed; 11/20/2014 3:13 PM

Analysis Control Chart Page 2 of2
WO Analysis Run Activity Units | Aliquot Units i Client Name
Ra226 1 pCi I Feezor Engineering, Inc.
LCS % Recovery Replicate Sample RPD
130.00 4
4000
120,60 4
3500
11600 *+ 30,00 4
16000 n00
.00 20.00
1500
80.00 -
10.00
000 RA-226 sov E
- Lowsr Error 81.73 aon
-~ Upper Error 130.02 RA-226
o %R 11038 ~ _Lower Error 5.96
e sl O 80 - Upper Error 425
Mean 100 ¢ RPD 662
s e U 120 I—— 35

Normalized Difference

3.50 No Matrix Spike

3.00

2.50

2.00

1.00

0.50 4

] |
000 LCS ND REP ND MS ND

| — 21226 0.76 0.18 0.00

I.—- UL 3 3 3

> Version
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Eberline Services

Printed: 11/24/2014 10:54 AM

Analysis Control Chart Page1of2
WO Analysis Run Activity Units Aliguot Units Client Name
Ra228 1 pCi I Feezor Engineering, Inc.
Laboratory Control Sample
Normalized LCS (=21} LCS Uncert, Known Standard tandard Standard S i
Analyte Difference Measured NMeasured Expected Expected Known Error Result oSy I ACT (dpm} Emror Added {g)
RA-228 0.43 105.99% 25.75% 100.00% 5.10% 7.38E+00 | 3.76E-01 7.82E+00 | 2.01E+00 Ra-11 3.22E+01 | 5.10E+00 | 5.08E-01
Matrix Spike
Anat Normaiized MS Actual Expected Expected Actual Actual Sample Sample Sample Standard Standard S d Standard
nalyte Difference % Rec M5 Result MS Uncert MS Result MS CSU Result Csy Aliguot i ACT (dpm) Error % Added (g}
Replicate Sample QC Summary
Normalized Originat Original Rep Replicat LCS Relative
Analyte Diffarence RPD Result csy Result csu Bias LCS %R LCS ND MS %R MS ND Rep RPD Rep ND
RA-228 147 29.41 210E+00 | 8.40E-01 2.82E+00 | 8.6%E-01 1.06 oK OK NA oK
C:? Version
Q.':;‘K
o~
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Eberline Services

Printed: 11/24/2014 10:54 AM

Analysis Control Chart Page 2 of 2
WO Analysis Run Activity Units Aliquot Units Client Name
Ra228 1 pCi I Feezor Engineering, Inc.
LCS % Recovery Replicate Sample RPD
130.00
4000
42000
3%.00
110.00 000 {
»
0050 4 28,00
se.00 20.00
1500
8000
- 10.00 4
70.00 RA-228 §.00
- Lower Error 75.14 .00
— Upper Error %84 RA-228
* %R 105.99 - Lower Emor 34.51
o | L 80 ~ __ Upper Eror 24.30
Mean 100 & RPD 2841
e s L 120 I——r 35
Normalized Difference
3.50 No Matrix Spike
3.00
250
2.00
1.50
1.00
0.50
0.00 4 LCS ND REP ND MS ND
— 20008 0.43 117 Q.00
&—. UCL 3 3 3
Version
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Printed: 11/20/2014 12:25 PM

Eberline Setvices
Analysis Control Chart Page 10f2
WO Analysis Run Activity Units Aliquot Units Client Name
GaGbT _ThSr 1 pCi l Feezor Engineering, Inc.
Laboratory Control Sample
T
Normalized LCS csu LCs Uncert. Known : Standard Standard Standard Standard
Anrlyte Difference Measured Measured Expected Expected Known Error Result csu iv] ACT {dpm) Error Added (g)
GROSS ALPHA_Th 0.34 98.08% 11.01% 100.00% 4.30% 2.69E+02 | 1.16E+01 | 2.64E+02 | 2.91E+01 AIB-07 5.97E+02 | 4.30E+00 | 1.00E+00
GROSS BETA_Sr 0.80 94.58% 13.86% 100.00% 3.00% 3.00E+02 | 8.99E+00 & 2.83E+02 | 3.93E+01 A/B-07 6.64E+02 | 3.00E+00 | 1.00E+00
Matrix Spike
Anat Normalized MS Actual Expected Expected Actual Actual Sample Sampli P Standard clard Standard Standard
alyte Ditference % Rec M8 Result MS Uncert MS Result MS CSU Result csu Aliquot i ACT (dprt} Error % Added (¢
Replicate Sample QC Summary
N fized Original Originat Replicate Replicate LCS Relative o N
Analyte ‘;}gfe::e RPD ,;‘:;’:; cslu st St Bias LCS %R LCS ND MS%R MS ND Rep RPD Rep ND
GROSS ALPHA_Th 0.48 9.82 3.37E+01 | 9.64E+00 | 3.05E+01 8.46E+00 0.98 OK OK NA oK
GROSS BETA_Sr 0.33 4.51 6.02E+01 1.A5E+01 6.29E+01 1.20E+01 0.95 OK oK OK OK

»
Smipe

Versior
<f;3
ersi
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Eberline Services

Printed: 11/20/2014 12:25 PM

Analysis Control Chart Page 20f 2
WO Analysis Run Activity Units Aliguot Units Client Name:
GaGbT ThSr 1 pCi 1 Feezor Engineering, Inc.
1.CS % Recovery Replicate Sample RPD
13000
40.00
12000 —— - p— — — - — — — —__ -
38.00 — -~ - — —— Do o— —— - o— -
110.00 I I
30.00 <
400,08 2508
40.00 20.00
15.00
#0.00 w—— Wy — — - W — — —
10.60 4 i
70,00
GROSS ALPHA_Th GROSS BETA_Sr 500 -
 Lower Emor 8277 7771 oo
~  Upper Enmor 115.38 711,44 GROBS ALPHA_Th GROSS BETA_Sr
o %R 58,06 5458 T Lower Etor 11.21 154
— e CL 80 i - Upper Ervor 8.44 408
Wioan 106 100 o ReD 682 reg
——yro) 720 126 My S %
Normalized Difference
3.50 No Matrix Spike
2.00
250
200
1.50
1.00
0.50 [
000+ LCSND REP ND M5 ND
pe— CROSS ALPHA_Th 0.34 0.48 0.00
IGROSS BETA Sr 0.80 0.33 0.00
P— 0.00 5.00 6.0
oL 3 3 3
Version
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ISO-U NOTES
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Printed: 11/18/2014 428 PM Page 1of1

T Oak Ric_ige »Labo’ratory Intomal Work Grdor 1 4_1 1 09 5
EBERLINE 601 Scarboro Rd.
‘ T SeRvices "~ OakRidge, TN 37830 roatyon Godo
Work Order Analysis Notes Voice: 865.481.0683 > UUISO
y - .www.eberlineservices.com Run Number 1

¢
oo

Notes

Date  Dept | User .

-k

T1716/14 1628 | PREP | LWALKER

- :Bpike ahd ~traoé beakérs-aliquot-dfy samples down-submit to separations.
e o

/! /g//%

MU - DEgAl s 2

0e3
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Printed: 11/18/2014 548 AM

Page 1of 1

Oak Ridge Laboratory Intemal Work Order 1 4__1 1 09 5
EBERLINE 601 Scarboro Rd.
e o o T e N B Oak Ridge, TN 37830 e o
Work Order Analysis Notes Voice: :65'{2:1':’383 com UUISO
‘ www.eberlineservices. Run Number 1
Date Dept User - . Notes

11/18/14 16:28 PREP LWALKER Spike and trace beakers-aliquot-dry samples down-submit to separations.
11/19/14 0548 PREP JWOLFE ADDED HNO3 TO ACIDIFY SAMPLES BEFORE DRYING THEM DOWN

nliqw

WLLFOIA4312 001 - 0030481




Printed: 11/20/2014 6:08 PM

Page 1 of 1

& Oak Ridge Laboratory Intarnat Work Order 14-11095
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Anaiysi Uy ] SO
ysis Code
. Voice: 865.481.0683
Work Order Analysis Notes www.eberlineservices.com Run Number 1
. Date " | Dept . cUser o |l R ‘ " Notes
11/18/14 1628 PREP LWALKER Spike and trace beakers-afiquot-dry samples down-submit to separations.
11/19/14 05:48 PREP JWOLFE ADDED HNO3 TO ACIDIFY SAMPLES BEFORE DRYING THEM DOVWN
11120414 18:09 CHEM JDEMELAS Added concentrated HCl to sample beakers and heated to dryness; Added 20 mi 8N HCL to samples and

transferred to new, labeled C-Tubes, rinsing with 8N HC! to bring volume to ~35 mi; Precanditioned resin
columns with 35 m! 8N HCI; Centrifuged samples and loaded onto columns; Rinssd C-Tubes with 20 m] 8N
HC!, centrifuged as needed and Ioaded onto columns; Rinsed columns with 35 mi 8N HCI - 0.1N NH4l, 35 mi
of 8.5N HCl — 0.04N HF, and 10 mi of 8.5N HCI; Eluted Uranium with 50 mt of 0.5N HCl into clean, labeled 100
mi beakers; Dried-down samples on hotplate; Dissolved samples in ~10 mi of concentrated HCI; Transferred to)
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.

///7~9/[¢

0€5

WLLFOIA4312 - 001 - 0030482




Printed: 11/21/2014 4:52 AM

Page 1 of 1

B
EBERLINE

SERVICES

Oak Ridge Laboratory

601 Scarboro Rd.
Qak Ridge, TN 37830

Internal Work Order

14-11095

. Anglysis Code U U I S O
< Voice: 865.481.0683
Work Order Analysis Notes :
www.eber!l‘neservices.com Run Number 1
Date - ‘Dept ~ User . o o " Notes
11/18/14 16:28 PREP LWALKER Spike and trace beakers-aliquot-dry samples down-submit to separations.

11/19/14 05:48 PREP JWOLFE

ADDED HNO3 TO ACIDIFY SAMPLES BEFORE DRYING THEM DOWN

1120114 18:08 CHEM JDEMELAS

Added concentrated HCI to sample beakers and heated to dryness; Added 20 ml 8N HCL to samples and
transferred to new, labeled C-Tubes, rinsing with 8N HCl o bring volume to ~35 mi; Preconditioned resin
columns with 35 mi 8N HCL Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 m!i 8N
HC!, centrifuged as needed and loaded onfo columns; Rinsed columns with 35 mi 8N HCI — 0.1N NHal, 35 mi
of 6.5N HCI — 0.04N HF, and 10 mi of 6.5N HC!; Eluted Uranium with 50 mi of 0.5N HClinto clean, labeled 100
mi beakers: Dried-down sampies on hotplate; Dissolved samples in ~10 ml of concentrated HCI Transferred to
new, iabeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.

11421414 04:52 CHEM TSMITH

Followed steps 12.1.710 124.5In AP-005 . { Precipitated and filtered samples for Uranium )

WLLF

"

0es

OlA4312 - 001 - 0030483
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Eberline Analytical

Oak Ridge Laboratory

Printed; 11/21/2014 4:58 AM

Reagents Used in an Analysis

SERVICES

Page L of 1

14-11095

UUISO

015780P

Reagent Grade

JWOLFE

11/19/2014

Nitric Acid
015696P Anion Exchange Resin Reagent Grade JDEMELAS 11/20/2014
0157978 HCI - HF 6.5N - 0.04N JDEMELAS 11/20/2014
015818S HCI - NH4l 8N - 0.1M JDEMELAS 11/20/2014
015376D07 Hydrochloric Acid 0.5N JDEMELAS 11/20/2014
0157045 Hydrochloric Acid 6.5N JDEMELAS 11/20/2014
0158118 Hydrochloric Acid 8N JDEMELAS 11/20/2014
015553P Hydrochloric Acid Reagent Grade JDEMELAS 1172072014
(0157798 Carbon substrate Solution TSMITH 11/2172014
015645P Hydrofluoric Acid Reagent Grade TSMITH 11/21/2014
0157205 Neodymium Carrier 1 'mag/ml TSMITH 11/21/2014
014943P Reagent Alcohol Reagent Grade TSMITH 11/21/2014
015660P Titanous Chioride Reagent Grade TSMITH 11/21/2014
0E7
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ek

W]/

o f;ﬂgjfﬁ’/f‘fﬁ D@;L}\ eJ%f.(‘“ i))@ Y VA lﬁé
WWM p-fuﬁga,q( (*-7:) iaf&%ae-— lM“I e 9\)'\3’304’-” RQ m
| 2~ ol by fontaey  LEDD s ) L | P
/ R 77 2% A 1 R A R grt | phre| /| &
/ Ly i) pen | OFY 2er—\grrtr |
/ Lot e AU | ECC (355 o | Rese OB
| Dol dueszat) | TEC Wl [ohee=] Rt 15
| My wfftxy/%//s// w23 o124 je— | AP
- Mﬁ/’ / Tyo#I4es9) S e} g?@é’f/ 2Lre | Uuep |
WY S /77N M A wde OBty D) lontse | —
sl 1 e (13 o b degt oStkaitl] WAA_ liteMo e | Adp kb
V| Wrt fite cars Y s B e e
Ve (vt/Pa50Cr 5t | feston | EBYT | Tir e Soeu
Vst fHUOTACL | [t ft ﬁﬂ?)’Z? 2li—)| LuZe | —
I 7 e W@/ ‘srﬂ, (s— (A7 &2y pe~—r| AW | —
) /= Speviaclz)| (fSF— o8z | Tl | TZZsn| ~
Tkt i nosonlio io2s)] sk | WAL | ahew= | i 105
2,44/?""""’ Y/ /;/L L7#3 5)}4’“"‘7 le— A
V2= CJoSraus Fawp 0822 Ure—| Letetiol ~
—t= (Y0840 Fetgo—| gfts 2T AT | =

WLLFOIA4312 - 001 - 0030255




ISO-TH NOTES
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Printed: 11/18/2014 4:29 PM T Page 10f 1

& B Oak Ri?gg Laboratory trtemal Work Order 14-11095
EBERLINE " 601 ScarboroRd. ‘
SERVICES . OakRidge, TN 37830 Analysis Code
Work Order Analysis Notes Voice: 865.481.0683 ” ThISO
4wwwfeberltneservices.com Run Number 1
# Date Dept ~ User . , Notes
11 11118/1418:29 PREP LWALKER Spike and trace beakers-aliquot-dry samples down-submit to separations.

079
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Printed: 11/19/2014 548 AM

Page 1 of 1

Oak Ridge Laboratory ntermal Work Grder 14-11095
EEBERLINE 601 Scarboro Rd.
L=~ =N B Oak Ridge, TN 37830 s oo
Work Order Analysis Notes Vmce‘e:s:;:sl'oﬁsss co ThISO
www.eberlineservices.com Run Number 1
Date Dept -User Notes
1118714 16:29 PREP LWALKER Spike and trace beakers-aliquot-dry samples down-submit to separations.
11/19/14 0548 PREP JWOLFE ADDED HNO3 TO ACIDIFY SAMPLES BEFORE DRYING THEM DOWN

e

071

WLLFOIA4312 - 001 - 0030'48ug




Printed: 11/20/2014 6:10 PM

Page 1of

& Oak Ridge Laboratory | e wokorcer 14-11095
EBERLINE 601 Scarboro Rd.
BSERVICES Oak Ridge, TN 37830 Analysi Th ‘ SO
- , ysis Cotde
: Voice: 865.481.0683
Work Order Analysis Notes www.eberlineservices.com Run Number 1
Date . - “Dept . User S e e o Notes

11418114 16:29 PREP LWALKER .. Spike and trace beakers-aliquot-dry samples down-submit {o separations.
11/19/14 0548 PREP JWOLFE ADDED HNO3 ;l'O‘ ACIDIFY SAMPLES BEFORE DRYING THEM DOWN
11/20/14 18:10 CHEM JDEMELAS Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 mi 8N HNO3 to samples and

transferred o new, labeled C-Tubes, adding 8N HNC?3 to bring volume to ~35 m}; Preconditioned resin
columns with 50 mil 8N HNO3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 mi 8N HNO3: Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 mi 8N HNO3;
Eluted Thorium with 50 mi of 8N HCl into clean, labeled 100-m! beakers; Dried-down samples on hotplate;
Dissolved samples in ~10 mi of concentrated HCI, Transferred to new, labeled C-Tubes with deiononized

water, bringing volume to ~15mi. Set samples aside for later precipitation and filtering.

L taofrd

e pom— -
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Printed: 11/21/2014 455 AM

Page 1 of 1

S Oak Ridge Laboratory itomat Work Orcor 14-11095
EBERLINE - 601 Scarboro Rd.
> BERVICES Oak Ridge, TN 37830 A is Cod
Work Order Analysis Notes Voice: 865.481.0683 - ThiSO
Y www.eberlineservices.com Run Number 1
Date  Dept . user . . * Notes

11/18/14 16:29 PREP LWALKER

Spike and trace beakers»aﬁduot-dw samples down-submit fo separations.

11/19/14 056:48 PREP JWOLFE

ADDED HNO3 TO ACIDIFY SAMPLES BEFORE DRYING THEM DOWN

11420/14 18:10 CHEM JDEMELAS

Added concentrated HNO3 o sample beakers and heated to dryness; Added 20 mi 8N HNOS to samples and
transferred to new, labeled C-Tubes, adding 8N HNO3 to bring volume to ~35 mi; Preconditioned resin
columns with 50 mi 8N HNO3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 mi 8N MNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 mi 8N HNO3;
Eluted Thorium with 50 mi of 8N HClinto clean, labeled 100-mi beakers; Dried-
Dissolved samples in ~10 ml of concentrated HCI; Transferred to new, labeled C-Tubes with deiononized
water, bringing volume to ~15ml. Set samples aside for later precipitation and filtering.

down samples on holplale;

11721114 04:55 CHEM TSMITH

Followed steps 12.2.4 to 12.4.5 in AP-005 . ( Precipitated and filtered samples for Thorium )

WLLF
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Eberline Analytical

Oak Ri

dge Laboratory

Printed: 11/21/2014 4:39 AM

A )
A

EBERLINE

‘‘‘‘‘‘‘‘‘‘‘ SERVICES

Reagents Used in an Analysis

Page 1 of 1 -

015780P

Reagent Grade

JWOLFE

11/19/2014

Nitric Acid
015696P Anion Exchange Resin Reagent Grade JDEMELAS 11/20/2014
0158118 Hydrochloric Acid 8N JDEMELAS 11/20/2014
015553pP Hydrochloric Acid Reagent Grade JDEMELAS 11/20/2014
0158108 Nitric Acid 8N JDEMELAS 11/20/2014
015687P Nitric Acid Reagent Grade JDEMELAS 11/20/2014
0158158 Nitric Acid 8N IDEMELAS 11/20/2014
0157795 Carbon substrate Solution TSMITH 11/21/2014
015645pP Hydrofluoric Acid Reagent Grade TSMITH 11/21/2014
014943P Reagent Alcohol Reagent Grade TSMITH 11/21/2014
015789S Cerrium Carrier 0.1mg/ml TSMITH 11/21/2014
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Printed: 11/18/2014 435 PM

Page 1of 1

EBERLINE

BERVICES

Work Order Analysis Notes

14-11095

Oak Ridge Laboratorv Internat Work Order
601 Scarboro Rd.
Oak Ridge, TN 37830 Analysis Code

Voice: 865.481.0683

Ra226

www.eberlineservices.cgm Run Number 1
Date Dept User - : Notes
11/18/14 16:35 PREFP LWALKER Spike and frace beakers-aliquot samples-put on stir plate and ph to 2.8-3.0-added Ba and Pb carriers-added

20mis Ammonium Sulfate-let stir and settle. Decant-transfer to c-tubses-centrifuge-pour off supemate and

submit precip {o separations.

1!

WLLFOIA4312 - 001 - 0030495




Printed: 11719/2014 1:42 PM

Page 1of 1

,koak Ridge Laboratqry internal Work Order 14..1 1 095
EBERLINE . 601 ScarhoroRd. - - . -
SERVICES Oak Ridge, TN 37830 Anslysis Cod
Work Order Analysis Notes ‘Voice: 865.481.0683 - Ra226
www.ebérlineservices.com Run Number 1
Notes

Date Dept . - User

11418114 16:35 PREP LWALKER

Spiké and trace béakefs—aliquot sarﬁples-put on stir plate and ph {o 2.8-3.0-added Ba and Ph carriers-added
20mis Ammonium Suifate-let stir and settle. Decant-transfer to ¢c-tubes-centrifuge-pour off supernate and
submit precip {o separations.

11/118/14 13:42 CHEM RMARTZ

ADDED EDTA TO SAMPLES AND LET SIT OVERNIGHT. SYRINGE FILTERED SAMPLES, ADDED
AMMONIUM SILFIDE AND ACETIC ACID TO SAMPLES. FILTERED ONTO TARRED FILTER PAPERS, LET)
DRY UNDER HEAT LAMP, REWEIGHED, AND SUBMITTED TO COUNT.

073
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Eberling Analytical Printed: 11/20/2014 9:45 AM
Oak Ridge Laboratory Page 1 of L

EBERLINE 14-11095

SERVICES

015304P - Ammonium Hydroxide Reagent Grade LWALKER 11/18/2014
015398D01 - Ammonium Sulfate 200 mg/ml LWALKER 11/18/2014
015186D07 Barium Carrier 1 mg/ml | LWALKER 11/18/2014
015203D01 Lead Carrier ' 166 mg/mi LWALKER 11/18/2014
015780P Nitric Acid Reagent Grade LWALKER 11/18/2014
013818P Acetic Acid Reagent Grade RMARTZ 11/19/2014
014409D01 Ammonium Sulfate 200 mg/ml RMARTZ 11/19/2014
0155008 EDTA 0.25M RMARTZ 11/19/2014
089
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Printed: 11/18/2014 4:35 PM

Page 1of 1

Oak Ridge Labofétory
601 Scarboro Rd.

internal Work Order

14-11095

SERVicEs Qak Ridge, TN 37830 Anglysis Code
Work Order Analysis Notes Voice: 865.481.0683 Ra228
www.eberlineservices.com Run Number 1
Date Dept User . Notes
11/18/14 16:35 PREP LWALKER Spike and trace beakers-afiquot samples-put on stir plate and ph to 2.8-3.C-added Ba and Pb carriers-added

20mis Ammonium Sulfate-let stir and settle. Decant-transfer to c-tubes-centrifuge-pour off supernate and

submit precip to separations.

< ;3
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Printed: 11/24/2014 6:39 AM . ) Page 1of 1

Oak Ridge Laboratory nternal Work Order 1 4_1 1 095
EBERLINE 601 Scarboro Rd.
SeERViees Oak Ridge, TN 37830 ]
Voice: 865,481.0683 Analysis Code Ra228

Work Order Analysis Notes

ww.eperlinesewices.com Run Number 1
#1 Date . Dept- B o User: \ « e . Notes
i 11181141635 PREP LWALKER Spwke and trace beakers-ahquot samples-put on stir plate and ph to 2.8-3.0-added Ba and Pb camers—adﬁed
: 20mils Ammonium Sulfate-let sfir and settle. Decant-transfer to ¢-tubes-centrifuge-pour off supernate and
- submit precip to separations.
© 21 11/2414 06:39 CHEM RMARTZ ADDED FILTER PAPERS FROM GOUNT ROOM TO LABELED C-TUBES, FILLED WITH EDTA SOLUTION

AND LET SIT OVERNIGHT. REMOVED FILTER FROM EDTA-ADDED 13 DROPS CONC HNO3, 2MLS

YTTRIUM SMG/ML CARRIER, 2MLS 1.5MG/ML PB CARRIER, 0.3 MLS AMMONIUM SULFITE, 25 DROPS
. OF 10M SODIUM HYDROXIDE, SHAKE SAMPLES, CENTRIFUGE, POUR SUPERNATE INTO CLEAN C-

TUBE AND ADD 0.3MLS AMMONIUM SULFITE AND 2MLS 1.5MG/ML PB CARRIER, SHAKE SAMPLES,

-G CENTRIFUGE RINSE OTHER C-TUBES WITH DI-H2O THEN SYRINGE FILTER SUPERNATE BACK INTO
;R!NSED C-TUBES! ‘ADDED 18N NACH TO SAMPLES AND RECORDED T1. HOT BATHED FOR 15 MIN,
,‘CENTRlFUGED AND DISCARDED SUPERNANT. ADDED 6N HNO3, DI WATER, AND 10N NAOH. HOT
'BATHED FOR 15 MIN, CENTRIFUGED AND DISCARDED SUPERNANT, ADDED 1N HNO3, DI WATER,

AND AMMONIUM OXALATE. FILTERED ONTO TARRED FILTER PAPERS. LET DRY UNDER HEAT LAMP,

REWEIGHED AND SUBMITTED TO COUNT.

WLLFOIA4312 301 - 0030501



Eberline Analytical Printed: 11/20/2014 9:46 AM
Oak Ridge Laboratory Page 1 of 1

al Wo

EBERLINE 14-11095

SERVICES

Reagents Used in an Analysis Ra228 1
015304P Ammonium Hydroxide Reagent Grade LWALKER 11/18/2014
015398001 Ammonium Sulfate 200 mg/ml LWALKER 11/18/2014
015186D07 Barium Carrier 1 mg/ml LWALKER 11/18/2014
015780P Nitric Acid ; Reagent Grade LWALKER 11/18/2014
015203D01 Lead Carrier 166 mg/mi , LWALKER 11/18/2014

0253
* WLLFOIA4312 - 001 - 0030502




Eberline Analytical Printed: 11/24/2014 8:17 AM

(ak Ridge Laboratory Page 1 of 1
& , ~Internal Work Order -
SERVICES Analysus Code. © U Runt
Reagents Used in an Analysxs Ra228 1

L Reageny ) : : ‘:Reagent Analyst S pate

1D o /N : N ‘Concentration oo I ‘ Recorded
015304P Ammonium Hydroxide |~ Reagent Grade LWALKER 11/18/2014
015398D01 Ammonium Sulfate:” {0 200 mg/ml LWALKER 11/18/2014
015186D07 Barium Carrier 1 mg/ml LWALKER 11/18/2014
015780P Nitric Acid " Reagent Grade LWALKER 11/18/2014
015203D01 Lead Carrier 166 mg/ml LWALKER 11/18/2014
013818P Acetic Acid ‘Reagent Grade RMARTZ 11/24/2014
0145308 Ammonium Oxalate 5% RMARTZ 11/24/2014
014409D01 Ammonium Sulfate 200 mg/ml RMARTZ 11/24/2014
0145948 Nitric Acid 1N RMARTZ 11/24/2014
0145955 Nitric Acid ; » 6N RMARTZ 11/24/2014
014370P Nitric Acid g ‘Reagent Grade RMARTZ 11/24/2014
014591S Sodium Hydroxide o S 1M RMARTZ 11/24/2014
014456S Sodium Hydroxide 18M RMARTZ 11/24/2014
0144668 Yttrium Carrier ' 9 mg/ml RMARTZ 11/24/2014

i
026
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GROSS A/B NOTES
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Printed: 11/20/2014 8:07 AM

Page 10of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Intemal Wark Order 14-11095
601 Scarbore Rd.

Oak Ridge, TN 37830 Analysis Code GaG bT ThSr

Voice: 865.481.0683

. www.eberlineservices.com Run Number 1

Date "De;it , . User

- Notes.

ik

1120114 08:.07 PREP MHIGHTOWER

Ran 'TDSST SS to' determing aﬁiquot. Aliquoted samples, dried, nitrated, transferred to tared planchets, dried,

“flamed, re-weighed, and submitted to count room

‘M"L 2o Nov 4

Y
AN

089

e - : e
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Eberline Analytical Printed: 11/20/2014 8:07 AM
Qak Ridge Laboratory ‘ ’ Page lof 1

L “In't‘ekha’l‘Wbrkiorder o

EBERLINE | —14- 11095

SERVICES . L Lo Analysis Code . Run

Reagents Used in an Aéa’&sis »‘ GaGbT ThSr 1

Reagent

-~ BN R Anaiyst ' " Date -
‘iConcentrataon ORI

LD 1 Recorded : -

014954D02 Nitric Acid 3N MHIGHTOWER 11/20/2014

P SO
o

£99

WLLFOIA4312 - 001 - 6030507
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SECTION VIH

ANALYTICAL DATA (ISOTOPIC URANIUM)
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PR

01S0€00 - 10O - CLEPVIOATIM

EES:’:%E% EEE;Z tory 1 ‘;j 3113 %95 Printed: 11!21!20;: ;;5? 3{\;
Run 1
workorder JEERVICTTIL I | e | <arvie. Samee
Analysis Code | UuIso 01 LCS | LCS 11/18/14 00:00 1.0000E+00
Run 02 | MBL . BLANK 11/18/14 00:00 1.0000E+00
Date Received 11/18/2014 03 | DUP | FEE-BRI-W-FADW29206L . 39 11/13/14 00:00 5.0000E-01
Lab Deadline 11/24/2014 | 04 | DO | ' FEE-BRI-W-FADW29206L 39 1113/14 00:00 5.0000E-01
o Cli;'at Feezor Engineering, Inc. |
B Project FEEBRIi
Report Level 4
A;:tivity Units pCi
Aiiquot ﬂnits |
Matrix WA | -
Method EML U-02 Modified
Instrument Type Alpha Spectroscopy
Radiometric Tracer U-232 ,
B gadiometric Sol# U-10a | I |
M Tracer Act (dpﬁ;lg) 18.808 4444
e | —
‘Carrie;éonc (mg?lml) il 1

fow

£y " SAF1is used for Gross Alpha and all other radionuchides. SAF2 is used for Gross Beta only.

w

« Actual mass exceeded the calibration curve range. Results should be gualified as appropriate.




L1S0€00 - 10O - CLEYVIOSTIM

Eberiine Services - Printed: 11/21/2014 4:58 AM
Qak Ridge Laboratory 14-11095 Page 2 0f 3
Analysis Sheet Uuiso
Run1
internal | Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier | Grav Filter Grav Filter | Grav Filter Grav Mean ‘ SAF SAF
Fraction Desc Aliguot {g) ACT (dpm) Tracer {(pCi) % Rec Added (mi) Tare (g} Final (g) Net {g) % Rec % Rec 1* 2*
01 | LCS | 06054 11.4 0.00
02 | MBL | 06055 11.4 0.00 g
03 | DUP | 06057 114 0.00 |
04 0.6038 11.4 0.00 ‘

DO

ko

0

N-}' * SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

* Actual mass exceeded the calibration curve range. Resuits should be qualified as appropriate.
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CLS0€00 - 10O - CLEPVIOATIM

LWALKER

Ebertine Services 14-11095 Printed: 11/21/2014 4:68 AM
Oak Ridge Laboratory Page30f 3
Analysis Sheet yuiso age 3 o
Rurg 1
Internal | Sample Rough Prep Rough Prep Prep érep % Sep 0 Sep t0 Sep t1 Sep t1
Fraction Desc Date By Date By Date/Time By Date/Time By
01 | LCS 11/18/14 16:08 | LWALKER
02 MBL 11/18/14 16:08 LWALKER
03 DUP 11/18/14 16:08 LWALKER
04 DO 11/18/14 16:08

.,,___._

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

= Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




€150€00 - 10O - CLEPVIOATIM

Printed:

Eberline Services Preliminary Data Report & Analytical Calculations 11/21/2014 12:49 PM
Qak Ridge Laboratory . Page 1 of 3
Work Order: 14-11095-UUISO-1 g
) Lab Sample Cllent Activity T s LCS LCS LCS RPD MDA Blank
Fraction Nuclide Desc {dentification Sl:;:'s Error MDA Known DR Flag Flag Flag Flag
) 01 U-234 1L.CS LCS pCint 7.24E+00] 9.22E-01| 6.23E-02{ 7.94E+00] 91.11 OK OK
4 - 02 U-234 MBL BLANK pCill 1.73E-03| 2.42E-02| 6.91E-02 OK OK
: 3 bl
: 14 .
03 U234 DUP FEE-BRI-W-FADW29205L pCil 9.44E-01, 3.12E-01| 1.86E-01 INV OK
04 U-234 Do FEE-BRI-W-FADW29206L pCHl 1.35E+00{ 3.93E-01] 1.43E-01 OK
18] O
N 8]
; -
|3 2
: I .
|
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IEE ©
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) 2
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o ol
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v1S0€00 - 100 - ZLEYVIOSTIM

Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:49 PM

Ok Ridge Laborsor Work Order: 14-11095-UUISO-1 Page 2t

tab . Sample Sample Sampl Radit Grav Mean Sep t0 Sept1
Fraction Nuclide Desc Date Aliguot % Rec % Rec % Rec SAF Date/Time DatelTime
01 U-234 LCS 11118114 00:00 1.00E+00 137.98 0.00 0.00
02 U-234 MBL. 11718114 Q0:00 1.00E+00 121.57 0.00 0.00
S| we
X
03 U-234 DUP 11/13114 00:00 5.00E-01 121.91 0.00 0.00
04 U-234 DO 11/13/14 00:00 5.00E-01 104.70 0.00 0.00
3 O
157
By
3 -
S| -
-
s

Eberline Services Work Qrder

Ctient

Feezor Engineering, Inc.




G1S0€00 - 100 - CLEPVIOATIM

—-ei

N

Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-UUISO-1

Printed

: 11/21/2014 12:49 PM
Page 30of 3

Eberline Services Work Order

Client

4

Feezor Engineering, Inc.

tab . Sample Counting Halflife . Caount Bkg
Fraction Nuclide Dese DatefTime {days} Detect Carrier Time Counts CPM Eff
01 u-234 LCS 14121114 08:39 A_Spec |Alpha_003] 170.02{6.55 E+02 |4.00 E-03 17.4
- 02 U-234 mBL. 11/21/14 08:39 A_Spec | Alpha_004 170[1.50 E-01  |5.00 E-03 18.9
3 p—
&
03 U234 DUP 11/21/14 08:39 A_Spec |Alpha_010 470/4.16 E+01  |1.40 E-02 19.2
04 U-234. Do 11/21/14 08:39 A_Spec |Alpha_011] 170.02|5.33 E+01 4.00 E-03 20
3| O
(&
.
2
5 -
| -
-»
A




9150€00 - 10O - CLEPVIOATIM

.

Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:49 PM

Eberline Services Work Order

Client

Feezor Engineering, Inc.

Eberline Services
Oak Ridge Laboratory . Page 10f3
Work Order: 14-11095-UUISO-1
Lab . Sample Ctlent Activity S e 1LC8 LCs [Rei] RPD mba Blank
Fraction Nuglide Dese Identification Units : Error MDA Known %R Flag Flag Flag Flag
01 U-238 1.cs LCS pCifl 7.77E+00] 9.77E-01| S.77E-02] 7.74E+00| 100.33 OK OK
- 02 u-238 mMBL BLANK pCin 7.36E-03) 3.37E-02| 7.88E-02 OK OK
3 —
&
03 U-238 DUp FEE-BRI-W-FADW292086L. pCift 8.275-01] 2.87E-01] 1.55E-01 INV OK
04 U-238 Do FEE-BRI-W-FADW292061. pCi/l 1.25E+00| 3,74E-01| 1.32E-01 OK
3 O
o
o
=y
3 -
| -
-
L




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:49 PM

Oak Ridge Laboratory Work Order: 14-11095-UUISO-1 Page2 of 3

Lab . Sample Sample Sample Radiometric Grav Mean Sep td Sept1
Fraction Nuglide Desc Date Aligquot % Reec % Rec % Ret SAF DatelTime DatefTime
01 U-238 LCS 11/18M14 00:00 1.00E+00 137.98 0.00 0.00
02 1-238 MBL 11/18/14 00:00 1.00E+00 121.57 0.00 0.00
g <«
03 u-238 DUP 11/13/14 00:00 5.00E-01 121.91 0.00 0.00
< 04 14-238 DO 11/13/14 00:00 5.008-01 104.70 0.00 0.00
@
.18 O
: o )
i g —
: ES
3 -
|

£

Eberiine Services Work Order

i

Client

Feezor Engineering, Inc.

£1S0€00 - 10O - CLEPVIOATIM

C6T




Eberline Services Preliminary Data Report & Analytical Calculations ' Printed: 11/21/2014 12:49 PM

- Oak Ridge Laboratory ' | Work OI'der: 14_1 1095“UUISO"1 ; ‘ Page 3 of 3

Lab Sample Counting Halflife ' ) Count Bkg
Fraction Nuctide Desc Date/Time {days) Detect Carrier Time Counts oPM Eff
: o1 U-238 LCS 14/21/14 08:39 A_Spec |Alpha_003| 170.02(7.06 E+02 [3.00 E-03 17.4
02 U-238 MBL | 1172114 08:39 A_Spec | Alpha_004 170 8.40 E-01  [8.00 E-03 18.9
g v
03 U-238 DuUpP 11124114 08:38 A_Spec |Alpha_p10 170|3.66 E+01 |8.00 E-03 19.2
04 1-238 DO 11/2114 08:39 A_Spec Alpha_011] 170.02 4.85 E+01  {3.00 E-03 20
3 O '
" Sl o)
! S
3 ‘g D
B -3
-
: s

Eberline Services Work Order

Client

Feezor Engineering, Inc.

81G0€00 - 100 - ZLEPVIOSTIM
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Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 11/21/2014 12:49 PM

Eberline Services Work Order

Client

Feezor Engineering, Inc.

Oak Ridge Laboratory ' Page 1 0of 3
| , Work Order: 14-11095-UUISO-1 g
Lab ) Sampie Client Activity LCs 168 LCs RPD MOA Blank
Fraction Nuclide Dest Identification Units Results Ervar Estimate MDA Known %R Flag Flag Flag Flag
01 U-235 Lcs LCS pCill 4.97E-01| 1.70E-01) 7.18E-02 OK
- 02 u-235 MBL BLANK pCift -4.84E-03| 2.87E-02| 6.81E-02 OK OK
3 -
&
03 u-235 Dup FEE-BRI-W-FADW29206L pCill 1.026-01]  1.26E-01| 1.92E-01 NA OK
04 U-235 Do FEE-BRI-W-FADW29205L pCill 1.86E-01) 1.51E-01| 1.87E-01 OK
g O
(8]
2l D
@
F -
| -
-
d

50T




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:49 PM

Oak Ridgs Laborstory ~ Work Order: 14-11095-UUISO-1 Pagezot3

Lab " Sample Sample Sample Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuclide Desc Date Aliguot % Rec % Rec % Ret SAF DatefTime | DatefTime

01 U-235 LCS 1171814 00:00 1.00E+00 137.98 0.00 0.00

e 02 U-238 MBL 11/18/14 00:00 1.00E+00 121.57 0.00 0.00

F

o
03 U-235 pup 41/13/14 00:00 5.00E-01 121.91 0.00 0.00
04 U-235 Do 11/43/14 00:00 §.00E-01 104.70 0.00 0.00

g O

L

al P

i

2y

=

| =

Eberline Services Work Order

Client

Feezor Engineering, Inc.
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Eberline Services

© 117212014 12:49 PM
Page 3 of 3

Eberline Services Work Order

Chient

Feezor Engineering, Inc.

Preliminary Data Report & Analytical Calculations Printed
Oak Ridge Laboratory
Work Order: 14-11095-UUISO-1
Lab N Sample Counting Haliftife . Count Bkg
Fraction Nuclids Dese DatefTime {dhays) Detect Carrier Time Counts cPm Gl
01 U-235 LCS 11/21/14 08:38 A_Spec |Alpha_003] 170.02{3.65 E+01 |3.00 E-03 174
. 02 U-235 MBL 11121114 08:39 A_Spec |Alpha_004 1701-3.40 E-01  |2.00 £-03 18.9
3 -
18
, 03 U-235 pup 11/2114 08:38 A_Spec |Alpha_010 170]3.64 E+00 |8.00 E-03 19.2
04 U-235 DO 14/21/14 08:39 A_Spec |Alpha_011] 170.02{5.00 E+00 |0.00 E+00 20
3 O
(%]
5 -
|
-
-

i

b
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Count Room Report

14-11095-UUISO-1 (pCifl) in WA

Printed: 11/21/2014 4:58 AM

' . . .« P 1oft
! Client: Feezor Engineering, Inc. Tracer ID: U-10a et
‘ L &(
Internal Sample Cilient Sample Sample Tracer Tracer Radiometric %Radiometric SAF SAF
Fraction Desc D Date Aliguot Aliquot (g) ACT {dpm) Tracer (pCi) % Rec 7* 2*
/) 01 L.CS LCS 11/18/14 00:00 1.0000 0.6054 11.3864 0.00
7 02 MBL BLANK 11/18/14 00:00 1.0000 0.6055 11.3882 ; 0.00
@Cg) 03 DUP ! FEE-BRI-W-FADW29206L 11/13/14 00:00 0.5000 0.6057 | 11.3920 : 0.00
‘ u 04 = DO FEE-BRI-W-FADW29206L 11/13/14 00:00 0.5000 0.6038 11.3563 5 0.00
s S UGV SS WSS ——————————— S
i i
| - . S
é |
P ope
: o
e
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Eberline Services H Page 1 of 1
Oak Ridge Laboratory Splke and Tracer WOrkSheet Printed: 11/18/2014 4:08 PM
) e
Internal Work Order Run Analysis Code Date Technician Technician Initials Witness Initials
UUISO 11/18/2014 16:03 LWALKER C—"}"Z‘ / /
— ——_— —— o L L. = - —
~LCS & Matrix Spikes. - S LCS 1 M8 LCSD | MSD LCS MS o[/ LOSD S MSDT
Isotope Sof# Activity Solution Approx Volume Vol Vol Vol Known Error Added Error Known Error Added Error
P dpmig Date Addition Used (g) Used (@) Used (g} Used () pCi Estimate pCi Estimate pCi Estimate pCi Estimate
U234 | Usga 3520 11182014 0S00|  os00s| | 794 0286 000  0.000 000  0.000 000  0.000
U-238 U-8a 34.350| 117812014 0500/ 0.5008| 7.74 0.279 0.00 0.000 0.00 0.000 0.00 0.000
TCIONES e T BEE O TETZ0TS - —
o ‘ o U Tracers. o - L - Balance Printer Tapes:
. Activity Solution Volume Approx
. fraction Isotope | Sol# demlg Date Addition Tracer LCS
: 01 u-232 - {-10a 18.808 1111812014 . -0, 0.6400
02 U-232 | - U108 18.808|11/18/2014| - 0.6400 ) .
03 U232 . | U-10a 18.808|11/18/2014 0.6400
04, | U-232 | 'U-i0a 18.808|11/18/2014| - 0.6400 p
! : | DL : A, 50854 g 2.580% 9
85837 g
8. RE38 g
i Matrix Spike
f
i
R
o Version 2.0 08/99
o ’
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Prirted: 11/18/2014 4:24 PM

Eberline Analytical -
Ozk Ridge Laboratory AI!qUOt WO ka heet Page 1 of 1
Work Ordler Run | Analysis Code Rpt Units Lab Deadline Technician
UuIsSoO liters 1112412014 LWALKER
Lap | Feezor Engineering, Inc.| sample | - Muffle Data Dilution Data | Aliquot Data MS Aliquot Data H-3 Solids Only
Eraction ' : £ Ratio R N R S S T S " Water Added H3 Dist
e C st Client D L Type 1 Pog ‘Dil Factor. -1~ Rat Aliquot Net Equiv: _' Aliquot ) {ml) Alig - -
~ o . "LCS LCS: |t R 1.0000E+00] -~ 1.0000E+00 ,
02 ‘ - BLANK SMBL -} i 1.0000E+00 1.0000E+OD
03 FEE%BR!-W%FADWZSZOSL DUP: Y 5.0000E-01| 5.0000E-01|
04 FEE-BRI-W-FADW29206L | - DO : 5.0000E-01| ~5.0000E401
H
Comments

g

Technician:

omes /115, /¢
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\¥
Y %% WV
Al ™
=Apex-Alpha”
Sample Description: SPIKE ,
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001030
Batch Identification: 1411095A-0UU
Sample Identificatiomn: o1
Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha_003
Chamber Serial Number: -
Detector Serial Number: 3

Env. Background: System Bkgd 101685

Reagent Blank: <not performeds

Sample Size: 1.000E+000 +/- O©.000E+000 liter
Sample Date/Time: 11/21/2014 6:19:25 AM
Acquisition Date/Time: 11/21/2014 8:39:47 AM
Acquisition Live Time: 170.0 minutes

Acguisition Real Time: 170.0 wminutes

Tracer Certificate: U232 UU-10A

Tracer Quantity: 0.605 mL

Effective Efficiency: 0.2404 +/- 0.0125

Counting Efficiency: 0.1742 +/- 0.0031 on 10/25/2014 6:43:48 PM
Chem. Recovery Factor: 1.3798 +/- 0.0757

Control Certificate Name: NatU U-8A

Chem. Recov. of Control: U-238 0.978035 +/- 0.069248
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -

Enexgy Net Pk Area Anbient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd  Backgnd {keV)
U-232 T 5.283 462.32 9,12 0.68 0.00E+000 14.8
U-234 4.736 655.32 7.66 0.68 0.00E+000 37.1
U-235 4.385 36.49 32.71 0.51 0.00E+000 5.0
U-238 4.152 706.49 7.38 0.51 0.00E+000 58.4

T = Tracer Peak used for Effective Efficiency

Id Energy Activity ; MDA
Nuclide Conf. (kev) {(pCi/liter ) (pCi/liter }
U-232 0.997 5302.50%* 5.11E+000 +/~ 5.20E-001 €.23E-002 +/~- 6.34E-003
U-234 0.986 4761 .50%* 7.24E+000 +/- 9.22E-001 6.23E-002 +/- 6.34E-003
U-238% 1.000 4385 .50% 4.97E-001 +/- 1.70E-001 7.188E-002 +/- 7.28E~003
Ug-238 0.982 41.84.40% 7.77E+000 +/- 9.77E-001 5.77E-002 +/- 5.87E-003

(1f2l) 1

WLLFOIA4312 - 001 - 0030525
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0000103023 .CNF

- Live Time :10201.000 sec
N Real Time :10201.000 sec
60 B start: 1E3488.4(kev)
E o e oo 51 oa:39:47 204
SSwE
50
45
40
3S~E
30+
- !
- % i
1 J |
20 %“ |
i - it % 1l
10 ;%1 | ¥ fi
- . ﬁj i
S5 1%‘ & ] | i% |
X M g M W 5
g-Lu iup b a&&ﬁy%ﬁq | &%hﬁﬁﬂﬂ&%ﬁ%_ﬁﬂhw El (N ! fﬁﬁ“ Lol {aa T A - RN S S
3500 4000 4500 5500 6000 6500

5000
Energy{kev)
vERR [y

ROI Type: 1 ROI Type: 3




Channel Data Report 11/21/2014 11:34:55 AM Page 1

Channel |
1:
9:

17:

25:

33:

41:

49:

57:

65:

73:

81:

89:

97:
105
113:
121:
129:
137:
145:
153:
161:
169:
177:
185:
193:
201:
209:
217:
225:
233;:
241:
249:
257
265:
273:
281:
289:
297:
305:
313:
321:
329:
337:
345:
353:
36Ll:

Sk kkk kA A AR A h AR I AN F AR Ak R b h kb kb hh kA Ak kkhhhkhhdkdkddxdhhdd
il SPECTRAL DATA REPORT ok kk

*‘k‘k*‘k*********‘k*********‘k********‘k*******************‘k‘k

Sample Title: 01
Elapsed Live time: 10201
Elapsed Real Time: 10201

10201 10201

OOCOOMHOOOODOHOO

VWWOWOOMHNODODOODODODOOOOOHOOHODOOOO
\O'»JU'!l\)l-’NNHOOHOOOOOOOOOOOOI—‘OOO

0

0

0

0

0

0

0

2

0

2

4

5 12
12 10 11 13 14

19 12 12 16 9 20 21 20
17 24 25 16 25 23 27 28
21 18 21 20 22 i8 16 25
14 14 4 6 0 1 0 0
0 0 0 0 1 0 1 0
0 0 0 0 0 0 0 3
0 1 1 0 0 0 0 0
0 1 1 0 0 0 0 0
0 2 3 1 0 0 1 0
0 1 0 1 2 0 0 1
1 1 2 4 1 0 1 0
2 0 1 0 1 0 1 0
0 0 1 i 0 1 0 0
0 0 1 1 0 0 0 0
0 0 0 0 0 1 1 1
0 0 0 0 0 0 0 0
0 0 0 1 0 2 0 1
0 1 1 1 i 1 1 1
2 2 2 0 0 1 2 1

o ‘3“ f}
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Channel Data Report

369:
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Channel Data Report
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—=Apex-Alpha 3

Sample Description: BLANK
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001030
Batch Identification: 1411095A-UU
Sample Identification: 02
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 004
Chamber Serial Number:
Detector Serial Number: 4
Env. Background: System Bkgd 101686
Reagent Blank: <not performed>
Sample Size: 1.000E+000 +/- 0.000E+000 litex
Sample Date/Time: 11/21/2014 6:19:25 AM
Acquisition Date/Time: 11/21/2014 8:39:48 AM
Acquisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 wminutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.605 mL
Effective Efficiency: 0.2300 +/- 0.0122
Counting Efficiency: 0.1892 +/- 0.0033 on 10/25/2014 6:43:53 PM
Chem. Recovery PFactor: 1.21587 +/- 0.0676
Peak Match Tolerance: 0.150 MeV

~~~~~ PEAX AREA REPORT =

Energy Net Pk Area  Ambient Reageht FWHM
Nuclide {MeV) Pk Area Error % Backgnd  Backgnd {keV)
U-232 T 5.279 442.49 9.32 0.51 0.00E+000 24 .4
U-234 4.726 0.15 1387.7 0.85 0.00E+000 2.9
U-235 4.387 -0.34 582.81 0.34 0.00E+000 0.0
U-238 4.232 0.64 457.43 1.36 0.00E+000 2.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
1d Energy Activity MDA

Nuclide  Conf, {(keV) {pCi/liter ) {pCi/liter )
U-232 0.9%6 5302.50% 5,.11E+000 +/- 5.29E-001 6.06E-002 +/- 6.27E-003
U-234 0.8%1 4761 .50% 1.73E-003 +/- 2.42E-002 6.91B-002 +/- 7.16E-003
U-235 0.999 4385.50% -4.84E-003 +/- 2.87E-002 6.81E-002 +/- 7.05E-003
U-238 0.984 4184.40%* 7.36E-003 +/- 3.37E-002 7.888E-002 +/- 8.16E-003

i1 ]2l t4

e

WLLFOIA4312 - 001 - 0030530




0000103024 .CNF

» tive Time :10200.000 sec
60- Real Time 3102@0.000 134
N Stop 1 mzﬁ%ﬁ%%%%tei%
- Acq, start Fri Nov 21 08:39:48 2014
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Channel Data Report 11/21/2014 11:35:02 AM Page 1

Channel |
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******'k*****'k*********************‘k****‘k**'k**‘k“k********

Fokkokk SPECTRAL DATA REPORT FhREERE
T S N S 111222222 222222 22 2 AR R

Sample Title: 02
Elapsed Live time: 10200
Elapsed Real Time: 10200
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Channel Data Report

369:
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Sample Title:
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Channel Data Report

801:
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Sample Title:
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Sample Description:
Spectrum File:

Batch Identification:
Ssample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguisition Date/Time:
Acquisgition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

_=Apex-

Alpha”

FEE-BRI-W-FADW29206L-DUP
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001030

1411095A-U0U
03

Shelf 2

U iso

Alpha 010

10

System Bkgd 101687
<not performeds

5.000E-001 +/- 0.000E+000

11/13/2014 6
11/21/2014 8

:19:25 AM
:39:45 AM

170.0 minutes
170.0 minutes

U232 UU-10A
0.606 wml
0.2342 +/- 0

.0123

liter

0.1921 +/- 0.0033 on 10/25/2014 6:44

Reagent
Backgnd

0.00E+000
0.00E+000
0.00E+000

1.2191 +/- ©0.0675
0.150 MeV
PEAK AREA REPORT
Energy Net Pk Area  Ambilent

Nuclide {(MeV) Pk Area Error % Backgnd
U-232 T 5.274 450.60 9.27 3.40
U-234 4.724 41.62 31.38 2.38
U-235 4.356 3.64 123.16 1.36
U-238 4.144 36.64 33.08 1.36

tivity

{pCi/liter )

:30 PM

----- NUCLIDE ANALYS
Id Energy Ac
Nuclide Cont. {(keV)
U-232 0.9%4 8302.50% 1.02E+001
U-234 0.880 4761 .50%* 9.44E-001
U-235 0.994 4385.50%* 1.02E-001
U-238 0.988 4184 .40% 8.27E-001

+/- 1.0BE+000
+/~- 3.12E-001
+/- 1.26E-001
+/- 2.87E-001

//@#/%

2.10E-001
1.86E-001
1.92E-001
1.55E-001

+/- 2.17E-002
+/- 1.92E-002
+/~ 1.98E-002
+/- 1.60E-002

WLLFOIA4312 - 001 - 0036535
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i1

0000103022 .CNF

start:  1:3509.1(kev)
Stop  1024:6500.4(kev)
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Channel |
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**‘k*******************************‘k********************

Rkkkk S PECTRAL DATA REPORT *hkEE

********************‘k********************‘k*‘k‘k********‘k*

Sample Title: 03
Elapsed Live time: 10200
Elapsed Real Time: 10200
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Sample Title: 03

Channel Data Report
369:
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Sample Description:
Spectrum File:
Batch Identification:

_Shpex-

Alpha”

FEE-BRI-W-FADW29206L

vl
\\\{U\\

\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001030

1411095A-UU

Sample Identification: 04

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 011
Chamber Serial Number:

Detector Serial Number: 11

Env. Background:
Reagent Blank:

System Bkgd 101688
<not performeds

Sample Size: 5,.000E-001 +/- 0.000E+000 liter
Sample Date/Time: 11/13/2014 6:19:25 AM
Acguisition Date/Time: 11/21/2014 8:39:46 AM

Acguisition Live Time:
Acquisition Real Time:

Tracer Certificate:

170.0 minutes
170.0 minutes

U232_UU-10RA

Tracer Quantity: 0.604 wmi
Effective Efficiency: 0.2098 +/- 0.0115
Counting Efficiency: 0.2004 +/- 0.0035 on 10/25/2014 6:44:33 PM
Chem. Recovery Factor: 1.0470 +/- 0.0603
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT —_—————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.273 402.49 9.78 0.51 0.00E+000 20.3
U-234 4,726 53.32 27.04 0.68 0.00E+000 3.9
U-235 4.421 5.00 96,02 0.00 0.00E+000 2.6
U-238 4.151 49.49 28.03 0.51 0.00E+000 3.1

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS —————
Id Energy Activity MDA

Nuclide Conf (keV} {pCi/liter ) {(pCi/liter )
U-232 0.994 5302.50% 1.02E+001 +/- 1.10E+000 1.338-001 +/- 1.43E-002
U-234 0.891 4761 .50%* 1.35E+000 +/- 3.93E-001 1.43E-001 +/- 1.54E-002
U-235 0.921 4385.50*  1.56E-001 +/- 1.51E-001 1.87E-001 +/- 2.02E-002
U-238 0.89%2 4184 .40% 1.25E+000 +/- 3.74E-001 1.32E-001 +/- 1.42E-002

/o]l
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Channel Data Report 11/21/2014 11:35:16 AM Page 1

B X 2 L 2222222 A L R R R A e Rl
khkhKk SPECTRAL DATA REPORT kK k

**‘k*************’k****‘k********R*********************'}c***

Sample Title: 04

Elapsed Live time: 10201
Elapsed Real Time: 10201

Channel|------ [E—— JRS— R RS [ [ [ |
1: 10201 10201

9:

17:

25:

33;

41:

49:

| 57:
| 65:
| 73
5 81:
89:
97:
105:
113:
121
129:
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16l:
: 169:
: 177:
185:
193:
201:
i 209:
| 217:
% 225
233
247 ¢
249:
257:
265
273:
281:
289;:
297:
305:
i 313:
321:
; 329:
, 337:
! 345
353
361:

.
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Page 1 of 2

@ Ny
_=Apex-Alpha
QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :11/21/2014
Time : 5:20:12 AM

11/21/2014 5:20:12 AM

CHAMBER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done

. Alpha 002 21f ALL Not Done
Alpha 003 21f ALL Passed 11/21/2014 5:00:18 AM
Alpha 004 21f ALL Passed 1 11/21/2014 5:00:19 AM
Alpha 005 21f ALL Not Done
Alpha 006 21f ALL Not Done
Alpha 007 21f ALL Not Done
Alpha 008 21f ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 11/21/2014 5:00:20 AM
Alpha 011 21f ALL Pagsed 11/21/2014 5:00:21 AM
Alpha 012 21f ALL Passed 11/21/2014 5:00:21 AM
Alpha 013 21f ALL Not Done
Alpha 014 21f ALL Passed 11/21/2014 5:00:22 AM
Alpha 015 21f Peak FWHM Action 11/21/2014 5:00:23 AM
Alpha 016 21f ALL Not Done
Alpha 033 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:24 AM
Alpha 034 Alpha Analyst100DC Peak FWHM Action 11/21/2014 5:00:26 AM
Alpba 035 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:27 AM
Alpha 036 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:29 AM
Alpha 037 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:30 AM
Alpha 038 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:32 AM
Alpha 039 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:33 AM
Alpha 040 Alpha Analyst100DC ALL Pagsed 11/21/2014 5:00:35 AM
Alpha 041 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:37 AM
Alpha 042 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:3% AM
Alpha 043 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:40 AM
Alpha 044 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:42 AM
Alpha 045 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:43 AM
Alpha 046 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:45 AM
Alpha_047 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:47 AM
Alpha 048 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:48 AM
Alpha 049 Alpha Analyst100DC ALL . Passed 1172172014 5:00:50 AM
Alpha 050 Alpha Analyst100DC ALL Y Passed 11/21/2014 5:00:52 AM
Alpha 051 Alpha Analyst100DC ALL Y\, Passed 11/21/2014 5:00:53 AM
Alpha 052 Alpha Analyst100DC ALL \ Pasged 11/21/2014 5:00:56 AM -
Alpha 053 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:58 AM
Alpha 054 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:00 AM
Alpha 055 Alpha Analyst100DC Peak FWHM Action 11/21/2014 5:01:03 AM
Alphba 056 Alpha Analyst160DC ALL Passed 11/21/2014 5:01:06 AM
Alpha 057 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:08 AM
Alpha 058 Alpha Analyst100DC ALL Passed. 11/21/2014 5:01:11 AM

123
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Review of QA Resulis - Pulser Check

Page 2 of 2
1112172014 5:20:12 AM
CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:14 AM
Alpha 060 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:17 AM
S
APPROVED BY:

apPROVALDATE: [/ 26— )

129
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Library Listing Report

6/12/12 12:17:04 PM

page 1

*********************************************************************k***

Fkkkk

Nuclide Library Title:

Nuclide Library Description:

LIBRARY LISTING REPORT
T T X 2 222 s 222 2 A A R L ARl b

Uranium

U-232,-234,-235,-238

Nuclide Half-Life Enerqgy Energy Yield
Name {Seconds) (kev ) Uncert. (keV ) (%)
U-232 2.174E+4008 5302.500%* 0.000 99.8000
U-234 7.731E+012 4761.500% 0.000 99.8000
U-235 2.221E+016 4385,500% 0.000 80.9000
U-238 1.410E+017 4184.400% 0.000 100.2300
* = key line
TOTALS : 4  Nuclides 4 Energy Lines

kkkk%

kkhkkrhkkkkhhhirk

vield
Uncert. (Abs.+-)

0.0000
0.0000

0.0000
0.0000

‘1&)34
Loy
R
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SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)

131
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6%50€00 - 10O - CLEPVIOATIM

;EE::}E% ZE%E;?; tory 1 f}'_ _h1| ; 2)95 Printed: 11321:‘20;: 94;519 3&!3
Run 1
Work Order 4-110¢ s | Sample ogn | samie | e
Analysis Code ThiSO 01 LCS LCS 11/18/14 00:00 1.0000E+00
R;Ir; 02 | MBL BLANK 11/18/14 00:00 1.0000E+00
Date Received 11/18/2014 03 | DuP | FEE-BRI-W-FADW29206L 39 11/13/14 00:00 | 5.0000E-01
Lab Deadline 11/24/2014 | 04 DO FEE-BRI-W-FADW29206L 39 11/13/14 00:00 5.0000E-01

C;tent Feezor Engineering, Inc, "" -

Project et || _
| ReportLovel | 4 ” " ]
| actvityUnits | pCi B

Aliquot Umts - | “ o )

Matrix | WA _ I i

Method | EML Th-01 Modified o |

Instrument Ty;); W;Mpha Spectroscopy !
Radiometric Tracer |  Th-229
Radiometric sot# Th-18a |
Tracer Act (dpm!g) - 22.4;34 Nl )
i B
Carrier Conc (mga’miw)m o i -

*BAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

= Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.
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Eberline Services . Printed: 11/21/2014 4:59 AM
Oak Ridge Laboratory 14-11095 Page20f3
Analysis Sheet ThiSO
Run 1
Internali | Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier ! Grav Filter Grav Filter Grav Filter Grav Mean i SAF SAF
Fraction Desc Aliquot (g} ACT (dpmy) Tracer (pCi) % Rec Added (mi) Tare (g) Final {g) Net (g) % Rec % Rec [ 1* 2*
L
|
01 LCS 0.4455 10.0 0.00 |
02 MBL 0.2237 5.0 0.00
03 DUP 0.2239 5.0 0.00
04 DO 0.2239 | 5.0 0.00 ;

._MMY. RS A

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

« Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.
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Lovmdy

o,

-1

Eberline Services - Printed: 11/21/2014 4:59 AM
Qak Ridge Laboratory 14-11095 h Page 3of 3
Analysis Shest ThiSO
Run 1
Internal | Sample Rough Prep Rough Prep Prep Prep Sep 10 Sep t0 E Sep tt Sep t1
Fraction Desc Date By Date : By Date/Time By E Date/Time By
01 LCS 11/18/14 15:59 | LWALKER |
02 MBL 11/18/14 15:59 | LWALKER
03 pDup 11/18/14 15:59 . LWALKER
11/18/14 15:59 | LWALKER

04 DO

* SAF1 is used for Gross Alpha and all other radionuclides, SAF2 is used for Gross Beta only.

* Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.
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L e

Eberline Services Work Order

Ciient

Feezor Engineering, Inc.

Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:48 PM
Oak Ridge Laboratory . ‘ Page 1 0f 3
Work Order: 14-11095-ThiSO-1
Lab . Sample Client Activity ” LCS LCS LCs RPD MDA Blank
Fraction Nuclide Desc Identification Units Resuits Error Estimate MDA Known %R Flag Flag Flag Flag
01 TH-228 LCS LCS pCilt 5.04E+00| 8.428-01) 1.20E-01, 5.10E+00| 98.83 OK OK
- 02 TH-228 MBL BLANK pCin | -212E-02] S5.74E-02] 1.46E-01 K OK
o3 g— .
%
03 TH-228 pup FEE-BRI-W-FADW29206L pCift 1.01E+00, 4.42E-01, 2.72E-01 NA 0K
04 TH-228 Do FEE-BRI-W-FADW28206L pCill 9.39E-01] 3.64E-01| 1,89E-01 OK
o .
g O
al
g —
3 i
< -
-
fd




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:48 PM

Oak Ridge Laboratoy Work Order: 14-11095-ThISO-1 Page 2013

Lab . Nuslide Sample Sampie Sample Radiometric Grav Mean SAF Sep 10 Sep t1
Fraction ! Desc Date Aliquot % Reg % Rec % Rec DateiTime Date/Time
1k TH-228 Lcs 11418114 00:00 1.00E+00 91.51 0.00 0.00
< 02 TH-228 MBL 11/18/14 00:00 1.00E+00 109.68 0.00 0.00
g < ,
03 TH-228 Dup 11/13/14 00:00 5.00E-01 96.88 0.00 0.00
04 TH-228 oo 11413114 00:00 5.00E-01 103.47 0.00 0.00
b
£ O
S W
g‘,\ —
- o
g |""

Eberline Services Work Order

Client

Feezor Engineering, inc.

£€550€00 - 100 - CLEYVIOATIM

gei
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it

Eberline Services

Qak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-ThISO-1

Printed: 11/21/2014 12:48 PM
Page 3 0of 3

Lab

Sample

Eherline Services Work Order

Client

£

Feezor Engineering, Inc.

Counting Halflife . Count Bkg
Fraction Nuclide Desc DatelTime (days) Detect Carier | qime Counts cPH et
01 TH-228 LCS 11/21/14 08:40 A_Spec |Alpha_012| 170.02]3.37 E+02 |1.30 E-02 19.4
- 02 TH-228 MBL 11/21/14 08:40 A_Spec |Alpha_014] 170.02(-1.61 E+00 [3.30 E-02 18.4
= -
3
. 03 TH-228 DUP 11721114 08:40 A_Spec |Alpha_015 17012.65 E+01 9.00 E-03 14.4
04 TH-228 Do 11121714 08:40 A _Spec |Alpha_033 170{3.28 E+01  |7.00 E-03 18
]
g ®
2 O
g' —
3 L
% }""‘
-
L]

LET




GGG0€00 - 100 - ZLEPVIOATIM

8ET

Feezor Engineering, Inc.

Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:48 PM
Oak Ridge Laboratory . Page 1 0of 3
, Work Order: 14-11095-ThISO-1
Lab . Sample Client Activity - " . LCs LCs LCs RPD MDA Biank
Fraction Nuclide Desc identification Units Error MDA Known %R Flag Flag Flag Flag
01 TH-230 LCS LCS pCHI 521E+00| 8.65E-01) 8.98E-02| 5.37E+00, 97.15 OK oK
- 02 TH-230 MBL BLANK pCift 1.38E-01  9.30E-02] 9.35E-02 OK OK
-] b
® 03 TH-230 pDup FEE-BRI-W-FADW29206L pCill 1.82E+00] 6.21E.01] 1.59E-01 OK OK
04 TH-230 Do FEE-BRI-W-FADW20206L pCi/t 1,60E+00| 4.98E-01] 1.70E-0% OK
o
£ O
ol O
g —
E =
<
<
* »
3 -
11
s
£
3
s
& N
5
@
g
S
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6ET

Eberline Servicesv

Eberlfine Services Work Order

Client

Feezor Engineering, Inc.

Preliminary Data Report & Analytical Calculations Printed: 11/21/2014 12:48 PM
Cak Ridge Laboratory Page 2 of 3
, Work Order: 14-11095-ThiSO-1
Lab N Sample Sample Sample Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuclice Desc Date Aliquot % Rec % Rec % Rec SAF Date/Time Bate/Time
01 TH-230 - LCcs 11718114 00:00 1.00E+00 91.51 0.00 0.00
. 02 TH-230 MBL 1118/14 00:00 1.00E+00 109.68 0.00 0.00
3 p—
&
03 TH-230 DUpP 11713114 00:00 5.00E-01 96.88 0.00 0.00
04 TH-230 Do 11/13/14 00:00 5.00E-01 103.47 0.00 0.00
&
g O
2 D
g —
3 o
< -
-
——
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0 11/21/2014 12:48 PM

Eberline Services Work Order

Client

4

Feezor Engineering, Inc.

Eberline Services Preliminary Data Report & Analytical Calculations Printed
Oak Ridge Laboratory Page 3 of 3
Work Order: 14-11095-ThiSO-1 ¢
Lab Sample Counting Halflife . Count Bky
Fraction Nuctide Desc DatelTime {days} Detect Carrier Time Counts cPM £
01 TH-220 LCS 11/217/44 08:40 A_Spec |Alpha_012| 170.02|3.48 E+02 |0.00 E+00 19.4
. 02 TH-230 MBL 11/21/14 08:40 A_Spec |Alpha_014] 170.02/1.05 E+01 [8.00 E-03 18.4
g *
. 03 TH-230 DuP 11/21/14 08:40 A Spec |Alpha_015 170|4.78 E+01  |1.00 E-03 14.4
04 TH-230 jale] 11/21/14 08:40 A_Spec |Alpha_033 170/6.62 E+01  {5.00 E-03 138
&
R
al
'g): —
3 i
<€ l""
-»
-

Lo

r

-

(7
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Eberline Services

Preliminary Data Report & Analytical Calculations Printed

o 11/21/2014 12:48 PM

Ebertine Services Work Order

Cilient

Feezor Engineering, Inc.

Oak Ridge Laborato . Page 1 0of 3
g i Work Order: 14-11095-ThiSO-1 g
Lab " Sample Client. Activity e, P LCs LCS LCS RPD MDA Blank
Fraction Nuclide Desc dentification Units ' Error MDA Known %R Flag Flag Flag Flag
01 TH-232 LCS Les pCift 5.00E+00, 8.36E-01, 7.85E.D2] S5.10E+00] 98.08 OK oK
- 02 TH-232 MBL BLANK pCilt 1.518-02] 3.78E-02| 7.86E-02 OK 0K
3 -
x
03 TH-232 DuP FEE-BRI-W-FADW29206L pCifl 6.07E-01] 3.27E-01| 2.27E-01 NA OK
04 TH-232 Do FEE-BRI-W-FADW29206L pCil 6.53E-01] 2.83E-01] 1.70E-01 oK
&
g O
2 A
g' T
E -
< e
-
L__J
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Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 11/21/2014 12:48 PM

Eberline Services Work Order

Client

Oak Ridge Laboratory Page 2 of 3
Work Order: 14-11095-ThiSO-1 g
Lab Sample Saruple Sample Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuclide Desc Date Aligquot % Rec % Rec % Rec SAF DatelTime DatelTime
01 TH-232 LCS 1111814 00:00 1.00E+00 91.51 0.00 0.00
- 02 TH-232 MBL 11718114 00:00 1.00E+00 109.68 0.00 0.00
3 -
®
03 TH-232 pup 11/13/14 00:00 5.0DE-01 96.88 0.00 0.00
04 TH-232 Do 11/13/14 00:00 5.00E-01 103.47 0.00 0.00
o
-
2 N
g —
3 i o
< f"“
L]
L_J

Feezor Engineering, inc.

1
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: 11/21/2014 12:48 PM
Page 3 0of 3

Eberline Services Work Order

Client

4

Feezor Engineering, Inc.

Eberline Services Préliminary Data Report & Analytical Calculations Printed
Qak Ridge Laborato
9 v Work Order: 14-11095-ThiSO-1
Lab Sample Counting Haiflife Count Bkg
Fraction Nuslide Desc DatelTime {days} Detect Carrier Time Counts CPM Ef
01 TH-232 LCS 11121114 08:40 A_Spec |Alpha_0D12| 170.02|3.34 E+02 |3.00 E-03 19.4
. 02 TH-232 MBL 11121114 08:40 A_Spec |Alpha_014| 170.02{1.15 E+00 |5.00 E-03 18.4
5 -
&
03 TH-232 pup 11721114 08:40 A_Spec |Alpha_015 170|1.60 E+01  |0.00 E+00 14.4
04 TH-232 DO 11/21/14 08:40 A_S8pec | Alpha_033 17012.30 E+01  {0.00 E+00 18
a5
g O
Sl »
g ——
3 L
< !“"‘
-
-




1950€00 - 100 - CLEYVIOATIM

Printed: 11/21/2014 4:59 AM

Count Room Report 14-11095-ThiSO-1 (pCill) in WA Pago 1 of 1
Client: Feezor Engineering, inc. Tracer ID: Th-18a
Internal % Sample Client Sample Sample Tracer [ Tracer Radiometric ! Radfometric i SAF SAF
Fraction Desc /3] Date Aliguot Aliguot (g} : ACT (dpm) Tracer (pCi % Rec [ 17 2+
(/1/ 01 LCS LCS 11/18/14 00:00 1.0000 0.4455 10.0077 0.00 |
(@q’(} 02 MBL BLANK 11/18/14 00:00 1.0000 0.2237 | 5.0252 0.00
\ 03 DUP FEE-BRI-W-FADW29206L 11/13/14 00:00 0.5000 0.2239 5.0297 0.00 |
/}7 ~ 04 DO . | FEE-BRI-W-FADW29206L 11/13/14 00:00 0.5000 0.2238 5.0297 0.00
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Eberline Services

Spike and Tracer Worksheet

Page 1 of 1

29S0€00 - 100 - ZLEPVIOSTIM

Oak Ridge Laboratory Printed: 11/18/2014 3:59 PM
Tnternal WorK Order Run Analysis Gode Date Technician Technicign Initigls Witness initials
ThiSO 11/18/2014 15:51 LWALKER
. LCS & Matrix Spikes LCS MS | LCSD MSD LGS WS ;;Q,cs'"n - WS
Isotops Sof # Activity Solution Approx Volume Volume Volume Volume Known Error Added Error Known Error Added Error
(i dpmiy Date Addition Used (g} Used (g} Used (o) Used (g} pCi Estimate pCi Estimate nCi Estimata pCi Estimate
Th-228 Th-8b 103.560) 1141812014 0.100) 04093} 9 RO ' 5.10 0.184 0.00 0.000 0.00 0.000 0.00 0.000
Th-230 Th-1b 23525 11/18/2014 0.500 05063 5.37 0.145 0.00 0.000 0.00 0.000 0.00 0.000
Th-232 Th-8b 103.560] 11/18/2014 0.100] ,‘1,9@93' 5.10 0.184 0.00 0.000 0.00 0.000 0.00 0.000
Oy NS T8 22043 B8 TOITer2oT3 (4%} -
L Tracers.. = Lo Balance Printer Tap o
) Activity Solution Volume Approx
fraction . Isotope Sol & domg | Date Used (g) Addition | Tracer ; LCS
01 |v Th-229 | Th-18a 22464/11/18/2014) 04455 | 02200 |
02 . Th-228 | Thisa 22.464|11118/2014] - .0.2237° 0.2200 | .
03: | Th-229 | Thiga. 2246411/1812014) 02233 |  0.2200
04 .- | Th-229 | Thasa 22464]11/18/2014|- - 02239 | 0.2200 @, 1893 o
R H o . aa 5@6“‘3 E‘
@, 4455 g
| L oB.2EET 8
: CoBEERT g
COBLEERS g
- Matrix Spike
e
-
(%t Version 2.0 08/99
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Printed: 11/18/2014 4:03 PM

Eberline Analytical H
Oak Ridge Laboratory Aliquot Worksheet Page 1 of 1
Work Order Analysis Code Rpt Units L.ab Deadline Technician
14-11095 ThiSO liters 1172412014 LWALKER
Lab | FeezorEngineering, Inc. Sampte | Muffle Datd Dilution Data AliguotData . MS Aliquot Data H-3 Solids Only
Fraction SR I T R o ; e B Water Added #3 Dist
+«Client 1D Type - No.of Dils. . Dil Factor: Ratio - Aliguot t Eqitivii:. Aliquot {m1) Alig
01 © - LCS " LCS : f i - 1.0000E+00} " 1.0000E+00
02 - BLANK 1 MBL 1.0000E+00] - 1:0000E+00] .
03 | FEE-BRI-W-FADW29206L | -DUP | 5.0000E-01] 7. 6:000
04 | FEE-BRILW-FADW2$208L | DO 5.0000E-01]
Comments
joh .
&Y Technician: Date: / / /




_2Mpex-

Sample Description:
Spectyrum File:

Batch Identification:
Sample Tdentification:

Alpha”

SPIKE

\\OR-ALPHAI\Canberra\ApexAlpha\Root\Data\00001030

1411095A-TH
0l

i

W

Sample Geometry: Shelf 2
Procedure Deacription: Th iso
Detector Name: Alpha_ 012
Chamber Serial Number:
Detector Serial Number: 12
Env. Background: System Bkgd 101689
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 11/21/2014 6:24:56 AM
Acquisition Date/Time: 11/21/2014 8:40:18 AM
Acquisition Live Time: 170.0 wminutes
Acquisition Real Time: 170.0 wminutes
Tracer Certificate: Th229 TH-18A
Tracer Quantity: 0.445 nL
Effective Efficiency: 0.1772 +/- 0.0116
Counting Efficiency: 0.1936 +/- 0.0034 on 10/25/2014 6:44:33 PM
Chem. Recovery Factor: 0.9151 +/- 0.0620
Control Certificate Name: NatTh Th-8
Chem. Recov. of Control: TH-232 0.980857 +/- 0.088709
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT -————

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.795 13.15 56.06 0.85 0.00E+Q00 3.0
TH-228 5.353 336.78 10.72 2.21 0.00B+000 8.1
TH-~-229 T 4.873 301.49 11.30 0.51 0.00E+000 2.8
TH-230 4.615 348.00 10.52 0.00 0.00E+000 26.7
TH-232 3.940 334.49 10.73 0.51 0.00E+000 12.4

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS -
id Energy Activity MDA

Nuclide  Conf (kevV) {(pCi/liter ) {(pCi/liter )
TH~227 0.984 5850.00% 2.02E-001 +/- 1.16E-001 $.18E-002 +/- 1.18E-002
TH-228 0.288 5400.00% 5,04E+000 +/- 8.42E-001 1.20E~001 +/- 1.B3E-002
TH-229 1.000 4872 .00% 4.53E+000 +/- 5.81lE-001 7.88E-002 +/- 1.01E-002
TH-230 0.983 4672.00% 5.21E+000 +/- 8.65E-001 8.98KE-002 +/- 1.15E~002
TH-232 0.883 3897.00% 5.00E+000 +/- 8.36E-001 7.85E-002 +/- 1.01E-002

Ao
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ROI Type: 1

Live Time :10201.000 sec

Rea) Time :10201.000 sec

start:  1:3497,0(kev)

stop : 1024:6533.4(kev)

Acq. Start :Fri Nov 21 08:40:18 2014

ROI Type: 3




Channel Data Report 11/21/2014 11:35:31 AM Page 1

Channel |
1:
9;
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185:
193:
201:
2089:
217
225:
233:
241
249:
257:
265:
273:
281:
289:
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313:
321:
329:
337:
345:
353:
361:

***************************‘k*******************‘k‘k******

FhERK SPECTRAL DATA REPORT Rk ok k
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Elapsed Live time: 10201
Elapsed Real Time: 10201
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Channel Data Report

369:
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Sample Description: BLANK
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001030
Batch Identification: 1411085A-TH
Sample Identification: 02
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha_ 014
Chamber Serial Number:
Detector Serial Number: 14
Env. Background: System Bkgd 101620
Reagent Blank: <not performed>
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 11/21/2014 6:24:56 AM
Acquigition Date/Time: 11/21/2014 8:40:19 AM
Acquisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: Th229 TH-18A
Tracer Quantity: 0.224 mL
Effective Efficiency: 0.2019 +/- 0.0167
Counting Efficiency: 0.1840 +/- 0.0032 on 10/25/2014 6:45:28 PM.
Chem. Recovery Factor: 1.0968 +/- 0.0928
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT m_——-

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide {MeV} Pk Area Error % Backgnd Backgnd {keV}
TH-227 5.799 2.90 201.29 5.10 0.00E+000 5.9
TH-228 5.277 -1.61 270.88 5.61 0.00E+000 2.9
TH-229 T 4,876 172.45 15.05 2.55 0.00E+000 3.8
TH-230 4.660 10.47 65.55 1.53 0.00E+000 2.9
TH-232 4.069 1.15 249.60 0.85 0.00E+000 5.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—-————
Id Energy Activity MDA

Nuclide Conf (keV) {(pCi/litexr ) {pCi/liter )
TH-227 0.986 5850.00% 3.90E-002 +/~ 7.88E-002 1.45E-001 +/- 2.35E-002
TH-228 0.924 5400.00% -2.12E-002 +/- 5.74E-002 1.46E-001 +/- 2.37E-002
TH-229 1.000 4872.00% 2.278+000 +/- 3.69E~001L 1.11E-001 +/- 1.80E-002
TH-230 0.999 4672.00% 1.38E-001 +/- 9.30E-002 9.358-002 +/- 1.52E-002
TH-232 0.973 3597.00% 1.51E~002 +/- 3.78E-002 7.86E-002 +/- 1.28E-002

%m%
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Live Time :10201.000 sec

«'{

60~E Real }’ime 533201.000 se¢
start:  1:3509.2(keV)
B Stop 1 1024:6513.7(kev)
3 Acq. Start :Fri Nov 21 08:40:19 2014
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ROI Type: 1

ROT Type: 3
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T L 2 RS TEX s 22 2 2 A s RS e
hdid SPECTRAL DATA REPORT FAkkx

***‘k**********"k**************************‘k‘k*******‘k***‘k

Sample Title: 02
Elapsed Live time: 10201
Elapsed Real Time: 10201
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Channel Data Report
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Channel Data Report
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Sample Title:
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Sample Description:
Spectrum File:
Ratch Identification:

SMpex-Alpha”

FEE-BRI-W-FADW29206L~DUP
\\OR-ALPHAI\Canberra\ApexAlpha\Root\Data\00001030
1411095A~TH

Sample Identification: 03

Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 015
Chamber Serial Number:

Detector Serial Number: 15

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguigition Date/Time:
Acquigition Live Time:
Acquigition Real Time:

Tracer Certificate:

System Bkgd 101631
<not performed:>

5.000E-Q0L +/-

11/13/2014
11/21/2014

6:24:56 AM
8:40:20 AM

170.0 minutes
170.0 minutes

Th229_TH-18A

0.000E+000 liter

Tracer Quantity: 0.224 mL
Effective Efficiency: 0.1398 +/- 0.0135
Counting Efficiency: 0.1443 +/- 0.0026 on 10/25/2014 6:45:48 PM
Chem. Recovery Factor: 0.9688 +/- 0.0954
Peak Match Tolerance: 0.175 MeV
————— PEAK AREA REPORT —————
Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Exror % Backgnd Backgnd {keV}
TH-227 5.818 3.15 126.67 0.85 0.00E+000 3.0
g TH-228 5.354 26.47 39.36 1.53 0.00E+000 3.7
§ TH~229 T 4.871 119.48 17.98 0.51 0.00E+000 6.0
} TH-230 4.648 47.83 28.40 0.17 0.00E+000 4.3
§ TH-232 3.959 16.00 50.51 0.00 0.00E+000 3.0
T = Tracer Peak used for Effective Efficiency |
----- NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA
Nuclide Conf {keV) {(pCi/litexr ) {(pCi/liter )
TH-227 0.995 5850.00%* 1.23E-001 +/- 1.57E-001 2.33E-001 +/- 4.42E-002
TH-228 0.989 5400.00%* 1.01E+000 +/- 4.42E-001 2.72E-001 +/- 5.16E-002
TH-229 1.000 4872.00% 4.55E+000 +/- 8.64E-001 2‘00E-001 +/- 3.79E-002
TH-~230 0.997 4672.00% 1.82E+000 +/~ 6.21E-001 1.59E-001 +/~- 3.01E-002
: TH-232 0.952 3897.00% 6.07E-001 +/- 3.278E-001 2.27E-001 +/- 4.31E-002
AG
1ofetl! !
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ROI Type: 1

Live Time :10200.000 sec

real Time :10200.000 sec

start:  1:3303.7{kev)

stop : 1024:6552.1(kev)

Acq. Start :Fri Nov 21 08:40:20 2014
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Energy(kev)
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ROI Type: 3
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*******************************************************

kkkkk SPECTRAL DATA REPORT kR kKK

*******************************************************
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Alpha”

v
W

Sample Description: FEE-BRI-W-FADW29206L
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\oo001030
Batch Identification: 1411095A-TH
Sample Identification: 04
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 033
Chamber Serial Number: 040264794
Detector Serial Number: 91132
Env. Background: System Bkgd 101692
Reagent Blank: <not performeds
Sample S8ize: 5.000E~-001 +/~- 0.000E+000 literx
Sample Date/Time: 11/13/2014 6:24:56 AM
Acquisition Date/Time: 11/21/2014 8:40:33 AM
Acgquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229_TH-18A
Tracer Quantity: 0.224 mL
Effective Efficiency: 0.1867 +/- 0.0159
Counting Efficiency: 0.1805 +/- 0.0032 on 10/25/2014 2:26:39 PM
Chem. Recovery Factor: 1.0347 +/- 0.0899
Peak Match Tolerance: 0.175 MeV

————— PEAKX AREA REPORT ————

Enerqgy Net Pk Area  Ambient  Reagent FWHM
Nuclide {(MeV) Pk Area Exrror % Backgnd  Backgnd {keV)
TH-227 5.813 4.66 S4.59 0.34 0.00E+000 3.0
TH-228 5.354 32.81 34.94 1.19 0.00E+000 3.7
TH-228 T 4.887 159.66 15.53 0.34 0.00E+000 6.9
TH~-230 4.641 56.15 26.39 0.85 0.00E+000 4.0
TH-232 3.984 23.00 41.75 0.00 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—————
Id Energy Activity MDA
Nuclide  Conf. {keV) (pCi/liter ) {pCi/liter )
TH-227 0.893 5850.00%* 1.36E-001 +/- 1.30E-001 1.398-001 +/- 2.32E-002
TH-228 0.989 5400.00% 9.398-001 +/- 3.64E-001 1.89E-001 +/- 3.15E-002
TH-229 0.988 4872.00% 4,.558+000 +/- 7.59E-001 1.36E-001 +/- 2.27E-002
TH-230 0.995 4672.00% 1.60E+000 +/- 4.98E-001 1.70E-001 +/- 2,84E-002
TH-232 0.%9¢% 3597.00% 6.53E-001 +/- 2.93E-001 1.70E-001 4/~ 2.84E-002
///Cu/ﬂ/
D
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Channel|

1

-

9:
17:
25
33:
471
49:
57:
65:
73:
81:
89:
97:

105:
113:

121

.

129:
137:
145:

153

Y

161:
169:
177:
185:
193:
201
209:
217:
225:
233:
241 :
249:
257:
265
273
281:
289:
297
305;:
313:
321
329:
337:
345
353:
361:

*******************************************************

Fhkkk SPECTRAL DATA REPORT Fhkk

*******************k***********************************

Sample Title: 04
Elapsed Live time: 10200
Elapsed Real Time: 10201
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1172112014 5:20:12 AM

&, :
—=Apex-Alpha’

QA SUMMARY REPORT
Review Of QA Results - Pulser Check

Date :11/21/2014
Time  5:20:112 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 001 21f ALL Not Done
Alpha 002 21f ALL Not Done
Alpha 003 21f ALL Passed 11/21/2014 5:00:18 AM
Alpha 004 21f ALL Passed 11/21/2014 5:00:19 AM
Alpha 005 21f ALL Not Done
Alpha 006 21f ALL Not Done
Alpha 007 21f ALL Not Done
Alpha 008 21f ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 11/21/2014 5:00:20 AM
Alpha 011 21f ALL Passed 11/21/2014 5:00:21 AM
Alpha 012 21f ALL Passed 11/21/2014 5:00:21 AM
Alpha 013 21f ALL Not Done
Alpha 014 21f ALL Passed 11/21/2014 5:00:22 AM
Alpha 015 21f Peak FWHM Action 11/21/2014 5:00:23 AM
Alpha 016 21f ALL Not Done
Alpha 033 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:24 AM
Alpha 034 Alpha Analyst160DC Peak FWHM Action 11/21/2014 5:00:26 AM
Alpha 0335 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:27 AM
Alpha 036 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:29 AM
Alpha 037 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:30 AM
Alpha 038 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:32 AM
Alpha 039 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:33 AM
Alpha 040 Alpha Analyst100DC ALL Passed 11/21/2014 5:60:35 AM
Alpha 041 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:37 AM
Alpha 042 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:39 AM
Alpha 043 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:40 AM
Alpha 044 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:42 AM
Alpha 045 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:43 AM
 Alpha 046 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:45 AM
Alpha 047 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:47 AM
Alpha 048 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:49 AM
Alpha 049 Alpha Analyst100DC ALL . Passed 11/21/2014 5:00:50 AM
Alpha 050 Alpha Analyst100DC ALL Y | Passed 11/21/2014 5:00:52 AM
Alpha 051 Alpha Apalyst100DC ALL VY %\l B Passed 11/21/2014 5:00:53 AM
Alpha 052 Alpha Analyst100DC ALL § Passed 11/21/2014 5:00:56 AM -
Alpha 053 Alpha Analyst100DC ALL Passed 11/21/2014 5:00:58 AM
Alpha 054 Alpha Analyst100DC ALL Passed : 11/21/2014 5:01:00 AM
Alpha 055 Alpha Analyst100DC Peak FWHM Action 11/21/2014 5:01:03 AM
Alpha 056 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:06 AM
Alpha 057 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:08 AM
Alpha 058 Alpha Analyst100DC ALL Passed. 11/21/2014 5:01:11 AM
P 3y
137

i
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Review of QA Results - Pulser Cﬁ_eck

Page 2 of 2
11/24/2014 5:20:12 AM
CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 039 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:14 AM
Alpha 060 Alpha Analyst100DC ALL Passed 11/21/2014 5:01:17 AM
R e
APPROVED BY:

APPROVALDATE: __/ Wze—" )

$,
foeet
o

auvE”
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Library Listing Report 6/12/12 12:16:29 PM Page 1

*************************************************************************

ki LIBRARY LISTING REPORT *hkkk

*************************************************************************

Nuclide Library Title: Thorium

Nuclide Library Description: Th-227,-228,-229,-230,-232

Nuclide Half-Life Energy Energy Yield Yield

Name (Seconds) (keV ) Uncert. (keV ) (%) Uncert. (Abs.+-)
TH-227 6.873E+008 5850.000%* 0.000 97.5000 0.0000
TH-228 6.034E+007 5400.000% 0.000 99,9400 0.0000
TH-228 2,.487E+011 4872.000%* 0.000 99,5200 0.0000
TH-230 2.379E+012 4672.000%* 0.000 89.8200 0.0000
TH-232 4.434E+017 3997.000%* 0.000 100.0000 0.0000

* = key line

TOTALS: 5 Nuclides 5 Energy Lines

169

o .
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SECTION X

ANALYTICAL DATA (RADIUM-226)
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E%E:%Eig EZ-EE:; ory 1 4F; : 2120695 Printed: 11;20:20;2 ;;415 ;?2
Run 1
Work Order 4-11091 Fracton | Dete. i oo “pete. pribg
Analysis Code Ra226 01 LCS LCS 11/18/14 00:00 1.0000E+00
Run 02 MBL BLANK 11/18/14 00:00 1.0000E+00O
Date Received 11/18/2014 03 DUP FEE-BRI-W-FADW29206L 39 11/13/14 00:00 5.0000E-01
Lab Deadline 1112412014 04 DO FEE-BRI-W-FADW29206L. 39 11/13/14 00:00 5.0000E-01
Client Feezor Engineering, Inc.
Project FEEBRI
Report Level 4
Activity Units pCi
Aliquot Units |
Matrix WA
Method EPA 903.0 Modified
Instrument Type Alpha Spectroscopy
Radiometric Tracer Ba-133
Radiometric Sol# Ba-6a
Tracer Act (dpmig) 909.766
Carrier

Carrier Conc {mgiml)

L s

88S0£00 - 10O - CLEPVIOATIM

2
[

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

* Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Printed: 11/20/2014 9:45 AM

Eberline Services
Qak Ridge Laboratory 14-1 1095 Page20f 3
Analysis Sheet Ra226
Run 1
internal | Sample Tracer Tracer Tofal | Radiometric |Radjometric | Grav Carrier | Grav Filter Grav Filter Grav Filter Grav Mean SAF SAF
Fraction Desc Aliguot (g} ACT (dpm) Tracer (pCi) % Rec Added (mi) Tare (g) Final {(g) Net (g} % Rec % Rec 1* 2*
01 LCS 0.9054 823.7 345.0 92.98 0.0221 0.0281 0.0060 9298 2.16 | 1.00
02 MBL 0.9034 821.9 364.0 98.32 0.0215 0.0284 0.0069 98.32) 247 | 1.00
03 DUP 0.9051 823.4 551.0 148.55 0.0216 0.0285 0.0069 110.00) 247 @ 1.00
04 DO 0.9047 823.1 536.0 144 .57 0.0211 0.0289 0.0078 110.00, 2.72 | 1.00

S

6850£00 - 10O - CLEPVIOATIM

Ciud

-

st

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

» Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Services 14-11095 Printed: 11/20/2014 9:45 AM

Oak Ridge Laboratory Page 3 of 3
Analy;is Sheet Ra226 reee
Run 1
internal | Sample | Rough Prep Rough Prep Prep Prep Sep 0 Sep t0 Sep {1 Sep t1
" Fraction Desc . Date- By Date. By Date/Time By Date/Time By
01 LCS 11/18/14 15:46 | LWALKER | 11/19/14 12:20 | RMARTZ
02 MBL , 11/18/14 15:46 | LWALKER | 11/19/14 12:20 RMARTZ
03 DUP | 11/18/14 15:46 | LWALKER | 11/19/14 12:20 | RMARTZ
04 DO 11/18/14 15:46 | LWALKER | 11/19/14 12:20 RMARTZ

—ion

hriad

b

06S0€00 - 100 - ZLEPVIOSTIM

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only. « pctual mass exceeded the calibration curve range. Results should be qualified as appropriate.
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Eberline Services Work Order

Client

Feezor Engineering, Inc.

Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/20/2014 3:13'PM
Oak Ridge Laboratory Page 1 of 3
Work Order: 14-11095-Ra226-1 g
. Lab S Sample Client Activity . LCS LCS LCS RPD MDA “Blank
Fraction Nuglida Desc identification Units Resuits Error Estimato MDA Known %R Flag Fiag Flag Flag
o1 RA-226 LCS LCS pCilt 1.10E+0%] 1.26E+00, 2.15E-01) 9.98E+00( 110.38 OK OK
. 02 RA-226 MBL BLANK pCilt 2.48E-02, 7.50E-02] 1.78E-01 OK OK
5 - '
4
; 03 RA-226 DUP FEE-BRI-W-FADW28208L. pCill 1,8B0E+00| 7.50E-01;, 3.80E-01 NA OK
04 RA-226 Do FEE-BRE-W-FADW292061. pcCin 1.70E+00) 7.38E-01| 4.50E-01 OK
3 ©
S N
g2 &
2 ©
L+
-
o




E

M

Eberline Services Printed: 11!20!2614 3:13 PM

Preliminary Data Report & Analytical Calculations

C6S0£00 - 100 - CLEPVIOATIM

Client

Feezor Engineering, Inc.

Oak Ridge Laboratory . Page 2 of 3
Work Order: 14-11095-Ra226-1
Lab " Sample Sample pl Radiemsiric Grav Mean Sep 0 Sep t1
Fraction Ructide Desc Date Aliguot % Rec % Rec % Rec SAF Date/Time Datel/Time
01 RA-226 LCS 11/48/14 00:00 1.00E+00 92.98 0.00 92.98 11/18/2014 12:20
" 02 RA-226 mBL 1171814 00:00 1.00E+00 98.32 0.00 98.32 11/19/2014 12:20
3 p— .
4
03 RA-226 DUP 11/43/14 00:00 5,00E-01 100.00 0.00 110.00 11/19/2014 12:20
, 04 RA-226 DO 11113114 00:00 5.00E-01 100.00 0.00 110.00 1118/2014 12:20
gl ©
s N
2 ™
21 ©
]
- 4
e
£
O
‘g -
& -
3
£
§
w .
g N
%
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Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-Ra226-1

Printed: 11/20/2014 3:13 PM
Page 30of 3

Eberline Services Work Order

Client

Feezor Engineering, Inc.

tah " Sample Counting Halflife Count Bky
Fraction Nuctide Desc DatefTime {days} Detect Carrler Time Counts CPM e
01 RA-226 LCS 11120114 11:29 A_Spec |Alpha_033 17013.23 E+02 |6.00 E-03 18
= 02 RA-226 MBL 14/20/14 11:29 A_Spec |Alpha 034 170(6.60 E-01  |2.00 E-03 17.8
3 -
©
03 RA-226 pupP 11/20/14 11:28 A_Spec |Alpha_035 170(2,27 E+01  |2.00 E-03 16.5
04 RA-226 Do 14/20/14 11:28 A_Spec |Alpha_036 170/2.13 E+01  14.00 E-03 18.1
g ©
S N
21 N
2 L]
. o
§ X
-
hd

pe
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Count Room Report 14-11095-Ra226-1 (pCi/l) in WA Printed: 11/20/2014 9:45 AM

Page 1 of 1
Client: Feezor Engineering, Inc. Tracer |ID: Ba-6a e e
H
J
A’D Internal Sample Ciient Sample Sampie Tracer Tracer Radiometric Radiometric SAF SAF
Fraction Desc D Dafe Aliquot Alfquot (g) ACT (dpm) Tracer (pCi) % Rec 1* 2*

01 LCS LCS 11/18/14 00:00 1.0000 0.9054 823.7021 345.0000 g298 | 216 | 1.00
02 MBL BLANK 11/18/14 00:00 1.0000 0.9034 §21.8826 364.0000 98.32 | 247 | 1.00
03 DUP FEE-BRI-W-FADW29206L 11/13/14 00:00 0.5000 0.9051 823.4292 551.0000 | 148.55 247 | 1.00
04 DO FEE-BRI-W-FADW29206L 11/13/14 00:00 0.5000 0.9047 823.0653 536.0000 | 144.57 { 272 | 1.00

HE ]

i
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Eberline Services : Page 1of 1
Qak Ridge Lahoratory Sp’ke and Tracer Worksheet Printed: 11/18/2014 3:46 PM
)
Internal Work Order Run Analysis Code Date Technician Technician Initials Witness Initials
Ra226 11/18/2014 15:40 LWALKER :
. LCS«&ffﬁaEix;Spikes e LEST o MS LCSD- CMSD . S LCS o NIBT o HLCSD “MSD- T
Isotope Sol # Activity Solution : Approx Volume Volume Volume Volume Known Error Added Error Known Error Added Error
s dpm/g Date Addition Used (g} Used (g} Used (g} Used (g) pCi Estimate pCi Estimate pCi Estimate pCi Estimate
Ra-226 Ra-5b 44041, 111812014 0.500 105031 T TE T BRI DI 9.98 0.459 0.00 0.000 0.00 0.000 0.00 0.000|
z 578 TR GEETOTTeIZ0TS T -
oo o Tracers ' Balance Printer Tapes
" Activity Solution Approx
fraction Isotope domig Date Addition Tracer Lcs
01 .. Ba-133 Ba-Ba 908.766111/18/2014 1.1100 |
02:50); Ba-133 | Baéa 909.766|11/18/2014/ 1.1100
03:% |, Ba-133 | Baba 909.76611/18/2014] 1.1100
04~ Ba-133 Ba-6a 909,766 1171872014 1:1100
] LEEEL 9
- : @, 0d g el 3
i | B.9834 g
; @, %851 g
: @.5047 g

i
e enmen -+ e
i
H

Matrix Spike

Version 2.0 08/99

Y 3o
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Printed: 11/20/2014 7:34 AM

Eberline Analytical .
Oak Ridge Laboratory AlquOt WO rKSheet Page 1of 1
Work Order Run Anazlysis Code Rpt Units Lab Deadfine Technician
Ra226 liters 11/24/2014 RMARTZ
Lab Feezor Engineering, Inc.| sample:| . -Muffle Data Dilution Data Aliguot Data MS$S Aliquot Data H-3 Solids Only . |
Fraction CURat oL e Lot e Water Added H3 Dist
Client 1D Type.. 0f ~ NoofDils Dil Facto - Ratio Aliquot ;. Net Equiv Aliquot {ml} e . Alig
01 LCS kes o [ 4.00E+00 | " 1.0000E+00] - 1.0000E+00 R T
02 BLANK: ol omB fo . 1.0000E+00] '1.0000E+00
o3 FEE-BRI.W-FADW29206L | " DUP | .. 1 1.0000E+00{- - 5.0000E-01
04 | FEE-BRI-W-FADW29206L | DO ~ 1 1.0000E+00] _ 5.0000E-01
Comments
- T8
" »3 Technician: Date; / /
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Eberline Analytical

Printed: 11/20/2014 7:34 AM

QOak Ridge Laboratory
Internal Work Order 1 4-- 1 1 09 5
EBERLINE
SERVICES Fraction > 03 <
Analysis Code Ra226
Dilution Worksheet Run Number 1
Analyst RMARTZ
Dilution . Amount . Diluted . A
Number | 7 Taken Units - To Units Ratio
, . . | from the original sample
, 1 I tqgk 10 mi and diluted it to 20 mi | 0.5000
' from the 1st dilution
2 : 1 t‘?Pk : mi and diluted it to mi
‘ from the 2nd dilution
3 I took mi and diluted it to mi
o from the 3rd dilution
4 1 took “ml and diluted it to mi
. from the 4th dilution
5 I took ml and diluted it to mi
o as ilution io 0.5
Dilutions 1 Dilution Rat
Taken Dilution Factor 2
Date:

Diluted by:

Page 1 of 1
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Eberline Analytical
Oak Ridge Laboratory

Printed: 11/20/2014 7:34 AM

=+ Diluted by:

Internal Work Order 14- 1 1 09 5
EBERLINE
SERVICES Fraction > 04 <
Analysis Code Ra226
Dilution Worksheet Run Number 1
v Analyst RMARTZ
Dilution Amount \ Diluted . -
Number “Taken Units To Units Ratio
an from the original sample : :
1 Itook | 10 mil and diluted It to 20 mi - 0.5000
from the 1st dilution
2 Ttook | - ml and diluted it to mi
' from the 2nd dilution
3 1 took v ' ml and diluted it to - ml
from the 3rd dilution
4 Ttook | ml and diluted it to mi
from the 4th dilution
5 I took ml and diluted it to mi
—— Dilution Ratio 0.5
Dilutions 1 ut
Taken Dilution Factor 2

Date:

s

%\mﬁ

Page 1 of 1
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Printed: 11/18/2014 3:51 PM

Eberline Analytical "
Qak Ridge Laboratory AlquOt WOI'kSheet Page 1 0of 1
Work Order Run Analysis Code Rpt Units Lab Deadline Technician
Ra226 liters 11/24/2014 LWALKER
Lap | Feezor Engineering, Inc. Dilution Data Aliquot Data. - .- MS Aliguot Data H-3Solids Only
Fraction ' A T o N Water Added H3 Dist
1 <, ClientiD " NoofDils .| Dl Factor. Atiguot--. [ NetEquiv Aliquot (ml) - Alig -~
01 LCs : Sl R 1.0000E+00] -1 0000E+00] . .
02 BLANK ! ] 1.0000E+00
03 . | FEE-BRI-W.FADW29206L , -1~ 1 ooooE+00}" 1 0000E+00
04 | FEE-BRI-W-FADW29206L : 1.0000E+00| .1 000DE+00
% E
—— ) ! 58
: =
5 .
Comments
o M&MM) /1 /814
‘g‘) Technician: Date: / / /
' U 5 £
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Eberline Services - Oak Ridge

Version 1.0 9/199¢

Gravimetric Worksheet

Printed: 11/20/2014 7:31 AM
Page 1 of 1

Analysis Gravimetric Carrier Conc -
Work Order Run Code Carrier (mgimi) Technician
Ra226 RMARTZ
“TRetec | Feezor Engineering, Inc.| sample | Carrier Data -~ Filter Data Gravimetric
g B ‘ ~ | Carrier Added Filter Tare Filter Final ~“Filfer Net
Fraction Client ID Type | (mi) - (@) )} () B
0 LGS i LCS 0.0221 -0.0281 ~.0.0080 |. :
02 BLANK o000 MBL 0.0215 0.0284 - 0.0069 | - -
03 DuUP DUP 0.02186 0.0285. 0.0069 |
04 FEE-BRI-W-FADW29206L DO 0.0211 00289 | . - 0.0078 |
!
Technician: Date: / /
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\
@ ¥
™
=Apex-Alpha
Sample Description: SPIKE
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001029
Batch Identification: 1411095A~RA
Sample Identification: 01
Sample Geometry: Shelf 2
Procedure Description: Ra
Detector Name: Alpha_033
Chamber Serial Number: 04026479A
Detector Serial Number: 91132
Env. Background: gystem Bkgd 101692
Reagent Blank: <not performed:
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Generic Mult. Factor: 2.160E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 11/20/2014 10:11:54 AM
Acquisition Date/Time: 11/20/2014 11:29:01 AM
Acgquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.9298 +/- 0.0000 )
Counting Efficiency: 0.1805 +/- 0.0032 on 10/25/2014 2:26:39 PM
Effective Efficiency: 0.1678 +/~ 0.0030
Control Certificate Name: Ra226 Ra-Sb
Chem. Recov. of Control: RA-226 0.510970 +/~ 0.033574
Peak Match Tolerance: 0.350 MeV
----- PEAK AREA REPORT —————
Enerqgy Net Pk Area  Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd  Backgnd (keV)
RA-224 5.536 326.64 10.87 1.36 0.00E+000 8.5
RA-226 4.647 322.988 10.83 1.02 0.00E+000 5.0
----- NUCLIDE ANALYSIS RESULTS ———--
1d Enexgy Activity MDA
Nuclide Conf {(keV) {pCi/liter ) {pCi/litexr )
RA-224 0.971 5685 .50% 1.17E+001 +/- 1.34E+000 2.46E-001 +/- 8.48E-003
RA-226 0.976 4785.00% 1.10E+001 +/- 1.26E+000 2.15E-001 +/- 7.41E-003
///aa/ ¥
A A
L0t
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Counts
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0000102921 .CNF

N Live Time :10200.000 sec
60-- Real Time :10200.500 sec
Start:  1:3473.4(keV)
s Stop : 1024:6532.2(kev}
" acg. Start :Thu Nov 20 11:29:01 2014
551
50--
45+
40+
35-F
301
5+
20-F
15+
10 5 3
3 3
| |
1 il
| |

ROI Type: 1




Channel Data Report 11/20/2014 2:39:46 PM Page 1

Channel |
1:

9:

17:
25:

33:
471
49;
57:

65:
73:
81:

89:

97:
105:
113:
121
129
137:
145
153:
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Sample Description: BLANK

Spectrum File: \\ORwALPHAl\Canberra\ApexAlpha\Root\Data\00001028
Batch Identification: 1411095A-RA

Sample Identification: 02

Sample Geometry: Shelf 2

Procedure Description: Ra

Detector Name: Alpha_ 034

Chamber Serial Number: 040264798

Detector Serial Number: 91136

Env. Background: System Bkgd 101693

Reagent Blank: <not performed>

Sample Size: 1.000E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2.470E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 11/20/2014 10:11:54 AM

Acquisition Date/Time: 11/20/2014 11:29:02 AM

Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Chem. Recovery Factor: 0.9832 +/- 0.0000

Counting Efficiency: 6.1789 +/~- 0.0031 on 10/25/2014\ 2:30:05 PM
Effective Bfficiency: 0.1759 +/- 0.0031

Peak Match Tolerance: 0.350 MeV

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd  Backgnd (keV}
RA-224 5.568 4.00 109.57 0.00 0.00E+000 6.0
RA-226 4.511 0.66 305.43 0.34 0.00E+000 3.0

Id Energy Activity MDA
Nuclide Conf. {keV) {pCi/liter ) {pCi/liter )
RA-224 0.982 5685.50% 1.57E-001 +/- 1.72E-001 2 .35E-001 +/- 8.05E-003
RA-226 0.9807 4785 .00%* 2.46E-002 +/- 7.50E-002 1.78E~-001 +/- 6.10E-003
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Sample Description: FRE-BRI-W-FADW29206L DUP

Spectrum File: \\OR»ALPHAI\Canberra\ApexAlpha\Root\Data\00001028
Batch Identification: 1411095A~-RA

Sample Identification: 03

Sample Geometry: Shelf 2

procedure Description: Ra

Detector Name: Alpha 035

Chamber Serial Number: 04026477A

Detector Serial Number: 58771

Env. Background: System Bkgd 101634

Reagent Blank: <not performed:

Sample Size: 5.000E-001 +/- 0.000E+000 liter

Generic Mult. Factor: 2.470E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 11/13/2014 10:11:54 AM

Acquisition Date/Time: 11/20/2014 11:28:58 AM

Acquisition Live Time: 170.0 minutes

Acguisition Real Time: 170.0 minutes

Chem. Recovery Factor: 1.0000 +/~- 0.0000 ;

Counting Efficiency: 0.1647 +/- 0.0029 on 10/25/2014 2:34:10 PM
Effective Efficiency: 0.1647 +/- 0.0029

Peak Match Tolerance: 0.350 MeV

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide {(MeV) Pk Area EBrror % Backgnd Backgnd {(keV)
RA-224 5.517 9.64 68.14 1.36 0.00E+000 3.0
RA-226 4.583 22.66 41.53 0.34 0.00E+000 6.0

Id Energy Activity MDA
Nuclide Conf. {keV) ; (pci/liter ) (pCi/liter )
RA-224 0.964 5685 .,.50% 8.07E-001 +/~- 5.51E-001 5.74E-001 +/- 1.98E-002
RA-226 0.953 4785.00% 1.80E+000 +/- 7.50E-001 3.80E-001 +/- 1.32E-002
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__Shpex-Alpha”

Sample Description: FEE-BRI-W-FADW29206L

Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001028
Ratch Identification: 1411095A~RA

Sample Identification: 04

Sample Geometry: Shelf 2

Procedure Description: Ra

Detector Name: Alpha_036

Chambexr Serial Numbex: 040264778
Detector Serial Number: 84167

Env. Background: System Bkgd 101685

Reagent Blank: <not performed:

Sample Size: 5.000E-001 +/- 0.000E+000 liter

Generic Mult. Factor: 2.720E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 11/13/2014 10:11:54 AM

Acquisition Date/Time: 11/20/2014 11:28:59 AM

Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 wminutes

Chem. Recovery Factor: 1.0000 +/- 0.0000

Counting Efficiency: 0.1806 +/- 0.0032 on 10/25/2014 2:38:17 PM
Effective Efficiency: 0.1806 +/- 0.0032

Peak Match Tolerance: 0.350 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd  Backgnd (keV)
RA-224 5.536 13.96 56.77 2.04 0.00E+000 3.0
RA-226 4.609 21.32 43.23 0.68 0.00E+000 3.0

Id BEnergy Activity MDA
Nuclide Conf. {(keV) (pci/liter ) {pCi/litexr )
RA-224 0.971 5685.50% 1.17E+000 +/- 6.68E-001 6 S5E-001 +/- 2.25E-002
RA-226 0.960 4785%.00%* 1.70E+000 +/- 7.38E-001 4 .50E-001 +/-~ 1.55E-002
! 30114
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0A SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :11/20/2014
Time : 5:37:59 AM

11/20/2014 5:37:59 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 001 21f ALL Not Done '
Alpha 002 21f ALL Not Done
Alpha 003 21f ALL Passed 11/20/2014 5:23:11 AM
Alpha 004 21f ALL Passed 11202014 5:23:12 AM
Alpha 005 21f ALL Not Done
Alpha 006 21f ALL Not Done
Alpha 007 21f ALL Not Done
Alpha 008 21f ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 11/20/2014 5:23:13 AM
Alpha 011 21f ALL Passed 11/20/2014 5:23:14 AM
Alpha 012 21f ALL Passed 11/20/2014 5:23:15 AM
Alpha 013 21f ALL Not Done
Alpha 014 21f ALL Pasgsed 11/20/2014 5:23:15 AM
Alpha 015 21f Peak FWHM Action 11/20/2014 5:23:16 AM
Alpha 016 21£ ALL Not Done
Alpha 033 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:17 AM
Alpha 034 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:19 AM
Alpha 035 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:21 AM
Alpha 036 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:22 AM
Alpha 037 Alpha Analyst100DC ALL . Passed 11/20/2014 5:23:25 AM
Alpha 038 Alpha Analyst100DC Peak Energy A Action 11720/2014 5:23:27 AM
Alpha 039 Alpha Analyst100DC ALL dKl Passed 11/20/2014 5:23:29 AM
Alpha 040 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:31 AM
Alpha 041 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:35 AM
Alpha 042 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:37 AM
Alpha 043 Alpha Analyst106DC ALL Passed 11/20/2014 5:23:40 AM
Alpha 044 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:42 AM
Alpha 045 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:45 AM
Alpha 046 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:47 AM
Alpha 047 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:50 AM
Alpha 048 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:53 AM
Alpha 049 Alpha Analyst100DC ALL Passed - 11/20/2014 5:23:55 AM
Alpha 050 Alpha Analyst100DC ALL Passed 11/20/2014 5:23:58 AM
Alpha 051 Alpha Analyst100DC ALL Passed 11/20/2014 5:24:00 AM
. Alpha 052 Alpha Analyst100DC ALL Passed 11/20/2014 5:24:03 AM
Alpha 053 Alpha Analyst160DC ALL Passed 1172072014 5:24:06 AM
Alpha 054 Alpha Analyst100DC ALL Passed 11/20/2014 5:24:09 AM
Alpha 055 Alpha Analyst100DC Peak FWHM Action 11/20/2014 5:24:11 AM
Alpha 056 Alpha Apalyst100DC ALL Passed 11/20/2014 5:24:14 AM
Alpha 057 Alpha Analyst100DC ALL Passed - 11/20/2014 5:24:16 AM
Alpha 058 Alpha Analyst1060DC ALL Passed 11/20/2014 5:24:19 AM
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Review of QA Resuits - Pulser Check

Page 2 of 2
: 11/20/2014 5:37:58 AM
CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analysti00DC ALL Passed 1172072014 5:24:22 AM
Alpha 060 Alpha Analyst100DC ALL Passed 11/20/2014 5:24.25 AM
L~
APPROVED BY:
APPROVAL DATE: / A re—"
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Library Listing Report 6/12/12 12:16:17 PM

****************************************************************k********

FREKE LIBRARY LISTING REPORT

*************************************************************************

Nuclide Library Title: Radium

Nuclide Library Description: Ra-226, Po-218, Rn-222

Nuclide Half-Life Energy Energy Yield
Name (Seconds) {keV } Uncert. (keVv ) (%)
PO-218 5.049E+010 6003,.000%* 0.000 99,9800
RN-222 5,048E+010 5490.000%* 0,000 89,9200
RA-226 5.049E+010 4785.000% 0.000 100.0000C

* = key line

TOTALS : 3 Nuclides 3 Energy Lines

Page 1
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Yield
Uncert. (Abs.+-)

0.00400
0.0000
0.0000
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ANALYTICAL DATA (RADIUM-228)
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Eberline Services - Printed: 11/24/2014 8:17 AM
Oak Ridge Laboratory 14-11095 e Page10f3
Analysis Sheet Ra228
Run1
Work Order 4-110¢ | Sy i

Analysis Code Ra228 01 LCS LCS 11/18/14 00:00 1.0000E+00
Run 02 MBL BLANK 11/18/14 00:00 1.0000E+00
Date Received 11/18/2014 03 DUP FEE-BRI-W-FADW29206L 39 11/13/14 00:00 1.0000E+00
Lab Deadline 11/24/2014 04 DO FEE-BRI-W-FADWZ29206L 39 11/13/14 00:00 1.0000E+Q0

Carrier Conc (mg/ml)

Client Feezor Engineering, inc.
l"roject FEEBRI
~ Report Level 4
- Activity Units pCi
Aliquet Units i
Matrix . WA )
Method EPA 904.0 Modified
instrument Type | Alpha/Beta GPC
Radiometric Tracer Ba-133 -
Radiometric Sol# Ba-6a
Tracer Act {dpmig) 909.766
Carrier Yitirum
40.56226

200

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.
* Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.

4 Indicates estimated SAF value.
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Eberline Services " Printed: 11/24/2014 8:17 AM
Oak Ridge Laboratory 14-11095 - Page 2 of 3
Analysis Sheet Ra228
Run 1
internal | Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier | Grav Filter Grav Filter Grav Filter Grav Mean SAF SAF
Fraction Desc Aliguot (g) ACT (dpm) Tracer (pCi) % Rec Added (mi) Tare (o) Final (g) Net (g} % Rec % Rec 1™ 2*
01 LCS 0.9054 823.7 345.0 92.98 2.000 0.0930 0.1553 0.0623] 76.80, 7141 1.00 ; 1.00
02 MBL 0.9034 821.9 364.0 98.32 2.000 0.0931 0.15632 0.0601, 74.08, 7284 100 1.00
03 DUP 0.9051 8234 551.0 148.55 2.000 0.0935 0.1554 0.0619, 76.30 83.93} 100 | 1.00
04 DO 0.9047 823.1 536.0 144.57 2.000 0.0931 0.1495 0.0564) 69.52] 7648 1.00 | 1.00

g
o
S

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

** Actual mass exceeded the calibration curve range. Results should be qualified as appropriaie.

~ Indicates estimated SAF value.
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Eberline Services . - Printed: 11/24/2014 8:17 AM
Oak Ridge La:)oratory 14-11095 e Page 3 of 3
Analysis Sheet Ra228
Run 1
internal | Sample Rough Prep Rough Prep Prep Prep Sep 0 Sep 10 Sep t1 Sep t1
Fraction Desc Date By Date By Date/Time By Date/Time By
01 LCS 11/18/14 15:47 | LWALKER | 11/19/1412:20 RMARTZ 11/24/14 086:15 RMARTZ
02 MBL. 11/18/14 15:47 | LWALKER | 11/19/14 12:20 RMARTZ 11/24/14 06:15 RMARTZ
03 DUP 11/18/14 15:47 | LWALKER | 11/19/14 12:20 RMARTZ 11/24/14 06:15 RMARTZ
04 DO 11/18/14 15:47 | LWALKER | 11/19/14 12:20 RMARTZ 11/24114 06:15 RMARTZ

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

A Indicates estimated SAF value.

* Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/24/2014 10:54 AM
Oak Ridge Laboratory Page 1 of 3
Work Order: 14-11095-Ra228-1 g
> tab N Sample Chient Activity . Lcs 108 LCS RPD MDA Blank
&?‘ Fraction Nuclide Desc Identification Units Results Error Estimate MDA Known %R Flag Flag Flag Flag
o1 RA-228 Lcs LCs pCint 7.82E+00| 9.59E-01| 1.38E+00| 7.38E+00] 105.99 OK OK
o 02 RA-228 - MBL BLANK pCill 6.86E-01] 6.48E-01] 1.31E+00 OK OK
3 g—
* 03 RA-228 pDup FEE-BRI-W-FADW292081. pCill 2.82E+00| 5.89E-01| 9.50E-01 NA OK
04 RA-228 DO FEE-BRI-W-FADW29206L. pCi/t 210E+00] 6.93E-01] 1.27E+00 OK
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Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 11/24/2014 10:54 AM

—i

Oak Ridge Laboratory . Page 2 of 3
Work Order: 14-11095-Ra228-1 9
Lak Nuclide Sample Sampls Sample Radiometric Grav Mean SAF Sep t0 Sep t1
Fraction Desc Date Aliquot % Rec % Rec % Rec Date/Time DatefTime
01 RA-228 LCS 11/18/14 00:00 1.00E4+D0 92.98 76.80 71.41 1.00 1111972014 12:20 11/24/12014 6:15
" 02 RA-228 MBL. 11/18/14 00:00 1.00E+00 98.32 74,08 72.84 1.00 1111912014 12:20 1172412014 6:15
3 L
o
03 RA-228 DUP 11/13/14 00:00 4.00E+00 148.55 76.30 83,93 1.00 1111912014 12:20 1112412014 6:15
04 RA-228 DO 11113114 00:00 1.00E+00 144.57 69.62 76.48 1.00 1111972014 12:20 1412412014 6:15
3|
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Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-11095-Ra228-1

Printed: 11/24/2014 10:54 AM

Analysis Code
Ra228

‘l

Eberline Services Work Order
/]

Client

Feezor Engineering, Inc.

Fr::gm Nuclide sg:‘:;e ;;zl’}r‘;m ’(‘::;:f Dstect Carrier f_‘,’m"‘:‘ Counts 2;;1 Eff
01 RA-228 LCS 11/24/14 08:37 LB4110A B4 120 665 1.633333333| 0.4519
s - 02 RA-228 MBL 11/24/14 08:37 LB4110A B1 120 226/1.533333333|  0.4626
© 03 RA-228 DUP 11124114 08:37 LB4110A B2 120 332{1.083333333|  0.4891
04 RA-228 Do 11/24/14 08:37 LB4110A B3 120 309{1.483333333| 0.448

Page30of3




Count Room Report 14-11095-Ra228-1 (pCi/l) in WA Printed: 11/24/2014 8:47 AM

Client: Feezor Engineering, Inc. Tracer ID: Ba-6a Page 1 ort
Internal : Sample Client Sample ]1 Sample Tracer Tracer Radiometric Radiometric | SAF SAF
Fraction | Desc D Date Aliguot Aliquot (g} ACT (dpm) Tracer (pCi) % Rec 1 >

" LCS LCS 11/18/14 00:00 1.0000 0.9054 823.7021 345.0000 9298 | 1.00 ; 1.00
02 MBL BLANK 11/18/14 00:00 1.0000 0.9034 821.8826 364.0000 98.32 | 1.00 | 1.00
03 pupP FEE-BRI-W-FADW29206L | 11/13/14 00:00 | 1.0000 0.9051 823.4292 551.0000 ; 14855 | 1.00 | 1.00
04 DO FEE-BRI-W-FADW29206L | 11/13/14 00:00 1.0000 0.904?3 823.0653 536.0000 | 14457 ; 1.00 | 1.00

N

D
o
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Eberline Services

Spike and Tracer Worksheet

Page 1 of 1

Oak Ridge Laboratory Printed: 11/18/2014 3:47 PM
Internal Work Qrder Run Analysis Code Date Technician Technician Initais Witness Initials
Ra228 11/18/2014 15:46 LWALKER d
- - W—— ” I - - " i i""—‘ - y gy
_LCS & Matrix Spikes o LGS Ms LCSD - |~ MSD 1CS -0 o MS 1 tuespo o f o MSD
fs0to Sol #t Activity Solution Approx Volume Volume Volume Volume Known Error Added Error Known Error Added Error
pe dpm/g Date Addition Used (g} Used (g) Used (g) Used {g) pCi Estimate pCi Estimate pCi Estimate pCi Estimate
Ra-228 Ra-11 322420 1111812014 0.620| aﬁ.508'2' R . Lo 7.38 0.376 0.00 0.000 0.00 0.000 0.00| 0.000
TCO0 WS 1c-2a 0T BRE T TONEI2CT3 T
L o Tracers o ‘ , - Balance Printer Tapes .-
’ Activity Solution Voiume Approx
fraction | Isotope | Sol# dpmig Date | Used(g) | Addition Tracer LCS
01 .. | Ba-133 | Ba6a 809.766{11/18/2014| .- 0.905¢ 1.1100 |-
|- Ba-133 | . Ba6a 909.766[11/18/2014/ 11100 |-
. [~Ba-133 | Ba6a 909.766{11/18/2014}" - 1.1100 |
.1 Ba-133 | Basa 909.766|11/18/2014 @Rz g

14100

r I
S

.3

Matrix Spike

)
s
Ut

Version 2.0 08/88
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Printed: 11/18/2014 3:51 PM

Eberiine Analytical .
Oak Ridge Laboratory AlquOt WorkSheet Page 1 of 1
Work Order Anaiysis Code Rpt Units Lab Deadline Technician
14-11095 Ra228 liters 11/24/2014 LWALKER
Feezor Engineering, Inc.| sampte | . Muffle Data Dilution Data Aliquot Data - MS Aliquot Data .. H-3 Solids Only
) Ratio B R . TR BR S o VWater Added H3 Dist
Client 1D Type - PostiPre " “Dil Factor. Aliquot - NetEquiv. |, < {miby Alig
LCS LCS : B ~ 1.0000E+00] 1.0000E+00] :
- BLANK MBL 1.0000E+00] 1:0000E+00] - -
FEE-BRI-W-FADW29206L | DUP 1.0000E+00]  1,0000E+00| -~ = ;
FEE-BRI.W-FADW29206L DO 1.0000E+00 1,;'0{)00E+0(} S
Comments

o DD o 8L

VA
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Eberline Services - Oak Ridge . = Printed: 11/24/2014 8:15 AM
Version 1.0 9/1999 Gravimetric Worksheet Page 1 of 1

Analysis Gravimetric Carrier Conc .
Work Order Run Code Carrier (mg/mi) Technician
: DY Ra228 Yttirum 40.5623 RMARTZ
TRetec | Feezor Engineering, Inc.| sample | Carrier Data Filter Data Gravimetric
S R T Carrier Added [ Filter Tare Filter Final | :
Fraction ClientID 1 Type _ o (mb NEE , @ o
0147 eS| LCS -0 1120000 01883 .~ . - 0.
o3t DUP __DUP . 2.0000 : 01554 |
].040g, L.vFleE-BRI-W—FADWZQZOGL DO 2.0000{ au.ll 0.0931 0.1495 | - i

\

~— Technician: ! Date: / /

-~
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Detector ID Sample iD Alpha Beta Count Time Voltage

B1
B2
B3
B4

1411095-02
1411095-03
1411095-04
1411095-01

11
11
16
19

Shest1

226
332
309
665

Page 1

120
120
120
120

1400
1400
1400
1400

TOD
11/24/14 10:37
11/24/14 10:37
11/24/14 10:37
11/24114 10:37

///LZW
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Eberline Analytical

Oak Ridge Laboratory

GPC Detector Report

(ALL Backgrounds)

Detector Alphe/Beta Callbration Date Count Date Bkg CPM PFW LCL Mean ucL
LB4110A -~ A1}  Alpha 11/18/2007 11/24/2014 0.00E+00 P ~1.94E4-01 2.41E-01 1.98E+01
LB4110A - A2 Alpha 11/18/2007 11/24/2014 3.33E-02 p ~-1.64E+-01 2.18E-01 1.69E+01
LB4110A - A3| Alpha 11/18/2007 11/24/2014 5.00E-02 P ~1.60E+01 1.90E-01 1.64E+01
LB4110A ~ A4| Alpha 11/18/2007 11/24/2014 6.67E-02 P -1.70E+01 2.03E-01 1.74E+01
LB4110A - B1| Alpha 11/18/2007 11/24/2014 3.33E-02 P -9.16E-02 7.25E-02 2.37E-01
LB4110A - B2| Alpha 11/18/2007 11/24/2014 1.67E-02 P -7.14E-Q2 7.32E-02 2.18E-01
LB4110A - B3| Alpha 11/718/2007 11/24/2014 5.00E-02 P -6.24E-02 5.55E-02 1.73E-01
LB4110A - B4| Alpha 11/18/2007 11/24/2014 6.67E-02 P -1.28E-01 7.72E-02 2.82E-01
LB4110A - C1| Alpha 11/18/2007 11/24/2014 1.00E-01 P -1.37E-01 B.77E-02 3.12E-01
LB4110A - C2| Alpha 11/18/2007 11/24/2014 8.338-02 | 4 ~1.66E-01 7.99E-02 3.25E-01
LB4110A - C3| Alpha 11/18/2007 1172472014 8.33E~-02 P ~-1.61E-01 9.40E-02 3.49E-01
LB4110A - C4| Alpha 11/18/2007 11/24/2014 3.33E-02 P -6.48E-02 6.90E-02 2.03E-01
LB4110A - D1 Alpha 11/18/2007 11/24/2014 1.67E-02 P -5.43E-02 8.01E-02 2.15E-01
LB4110A - D21 Alpha 11/18/2007 11/24/2014 1.67E-02 p -6.96E-02 6.01E-02 1.90E-01
LB4110A - D3] Alpha 11/18/2007 11/24/2014 3.33E-02 P -5.06E-02 6.74E-02 1.85E-01
LB411CA - D4| Alpha 11/18/2007 11/24/2014 3.33E-02 P -6.69E-02 6.99E-02 2.07E-01
LB4110R - Al| Alpha 11/24/2006 11/24/2014 3.33E-02 P -9.21E-02 9.80E-02 2.88E-01
LB4110R - A2| Alpha 11/24/2006 1172472014 8.338-02 P -8.50€-02 7.23E-02 2.30E-01
LB4110R - A3| Alpha 11/24/2006 11/24/2014 0.00E-+-00 P ~-7.07E-02 8.13E-02 2.33E-01
{B4110R - A4| Alpha 11/24/2006 11/24/2014 5.00E-02 P -5.13E-02 6.90E-02 1.89E-01
LB4110R - B1| Alpha 11/24/2006 11/24/2014 1.00E-01 p -8.91E-02 6,18E-02 2.13E-01
LB4110R - B2| Alpha 11/24/2006 1172472014 3.33E-02 P -6.80E-02 6.02E-02 1.88E-01
LB4110R - B3} Alpha 11/24/2006 11/24/2014 5.00E-02 P -6.48E-02 7.19E-02 2.09E-01
LB4110R - B4 Alpha 11/24/2006 11/24/2014 3.33E-02 P -6,09E-02 6.82E-02 1.976-01
LB4110R -~ C1] Alpha 11/24/2006 11/24/2014 1.00E-01 P -7.48E-02 7.26E-02 2.20E-01
LB4110R - C2| Alpha 11/24/2006 11/24/2014 1.67E-02 P ~7.50E-02 6.77E-02 2.10E-01
LB4110R - C3| Alpha 11/24/2006 11/24/2014 0.00E+00 P -8.19E-02 8.40E-02 2.50E-01
LB4110R ~ C4| Alpha 11/24/2006 11/24/2014 3.338-02 P -5.96E-02 7.83E-02 2.16E-01
LB4110R - D1| Alpha 11/24/2006 11/1/2014 0.00E+-00 P -1.06E-01 6.70E-02 2.40E-01
LB4110R - D2 Alpha 11/24/2006 11/1/2014 0.0CE+00 p -8.23E-02 6,65E-02 2.15E-01
1B4110R - D3| Alpha 11/24/2006 117172014 0.00E+00 P -8.71E-02 6.63E-02 2.20E-01
LB4110R - D4| Alpha 11/24/2006 117172014 0.00E-+00 | 4 -8.04E-02 7.08E-02 2.22E-01

LB5100 - 1 Alpha . 7710/2006 10/26/2007 5.00E-02 P ~1.56E-02 9.58E-02 2.07E-01

Printed: 11/24/2014 6:47 AM
Page 1 of 1
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Eberline Analytical

GPC Detector Report
Oak Ridge Laboratory

Printed: 11/24/2014 6:47 AM

£€90€00 - 10O - CLEPVIOATIM

s—iin

02¢

{ALL Backgrounds) Page 1 of 1
Detactor Alpha/Beta Calibratlon Date Count Date Bkg CPM PFW LCL Mean ucL .

LB4110A - Al RBeta 11/18/2007 11/24/2014 1.25E4-00 P -2.62E+02 | 7.05E+00 2.76E402 g .
LB4110A - A2| Beta 11/18/2007 11/24/2014 | 1.82E+00 | P | -2,74E+01 | 2.70E+00 | 3.28E+01 ,///314/'”
LB4110A - A3 Beta 11/18/2007 11/247/2014 1.45E+00 P -4, 54E+01 2,.56E+00 5.06E+01
LB4110A - A4 Beta 11/18/2007 11/24/2014 7.42E4-00 F -2.89E+01 | 3.88E+00 3.67E+01
LB4110A - B Beta 1171872007 11/24/2014 1.53E+00 P ~9,42E+00 1 3.01E+00 1.54E4+01
LB4110A - B2 Beta 1171872007 11/24/2014 1.08E+00: P -6.84E+00 1L.91E+00 1.07E+01
1LB4110A - B3 Beta 11/18/2007 11/24/2014 1.48E+00- P -3.79E-01 1.41E400 3.19E+00
L.B4110A - B4 Beta 11/18/2007 11/24/2014 1.63E+00, P -6.80E+00 1.91E+00 1.06E+01
LB4110A - CL Beta 1171872007 11/24/2014 1.10E+00 P -4.84E4+00 | 2.00E+00 8.84E+00
LB4110A - C2 Beta 11/18/2007 11/24/2014 1.20E4-00 P 3.75E-01 1.28E+00 2.18E+00
L.B4110A - C3 Beta 11/18/2007 11/24/2014 2.23E+00 F 4.36E-01 1.52E+00 2.61E+00
LB4110A - C4 Beta 11/18/2007 11/24/2014 1.47E400 P ~1.60E+00 | 1.98E+00 5.56E4+00
LB4110A - D1 Beta 11/18/2007 1172472014 1.62E4+00 p -2.24E+00 | 2.49E+00 7.21E+00
LB4110A - D2 Beta 11/18/2007 11/24/2014 5.80E+00 F ~3,78E4-00 | 1.98E4-00 7.73E+00
LB4110A - D3 Beta 11/18/2007 11/24/2014 2.30E400 F 6.85E-01 4.30E+00 7.92E+00
LB4110A -~ D4 Beta 1171872007 11/24/2014 1.26E401 F ~-7.52E+00 | 1.93E+00 1.14E+01
LB4110R - Al Beta 11/24/2006 11/24/2014 1.50E4+00 P -5.60E4+01 | 3.31E+00 6.26E+01
LB4110R ~ A2 Beta 11/24/2006 11/24/2014 1.60E+-00 P -4 43E+01 1.93E400 4.82E+01
LB4110R ~ A3 Beta 11/24/2006 11/24/2014 1.75E+00 P -4,11E4+01 | 2.53E400 4,61E+01
LB4110R - A4 Beta 11/24/2006 11/24/2014 2.45E+00 F -4,08E+01 | 2.01E+00 4,48E+01
LB4110R - B1 Beta 11/24/20086 11/24/2014 1.42E+00 P -4,30E+01 1.93E+00 4,69E+01
LB4110R - B2 Beta 11/24/2006 11/24/2014 6.37E+00 F ~-4,.82E+01 | 3.28E+00 5.47E+01
LB4110R - B3 Beta 11/24/2006 11/24/2014 1.55E+00 P -4, 29E+01 2.47E400 4, 78E+01
L.B4110R - B4 Beta 11/24/2006 11/24/2014 1.10E+4-00 P ~4,31E+01 1.83E+00 4.68E+01
LB4110R - C1 Beta 11/24/2006 11/24/2014 1.32E+00 P -4, 30E+4+01 | 2.72E-+00 4.85E4+01 .
LB4110R - C2 Beta 11/24/2006 11/24/2014 1.52E400 | 4 -4,29E+4+01 | 2.56E+00 4.80E+01 '
LB4110R - C3 Beta 11/24/2006 - 11/24/2014 1.50E+00 P -4,34E4+01 | 2.36E+00 4.81E4+01
LB4110R - C4 Beta 11/24/2006 11/24/2014 1.52E4+00 P -4, 90E401 2.72E+00 5.44E401
LB4110R - D1 Beta 11/24/2006 11/1/2014 0.00E+00 P -4.36E+01 | 5.31E4+00 5.43E4+01
LB4110R - D2 Beta 11/24/2006 117172014 0.00E+00 P ~-4.67E+01 1,79E4-00 5.03E+01
LB4110R -~ D3 Beta 11/24/2006 11/1/2014 0.00E4-00 P ~5.02E401 5.28E+00 6.07E+01
LB4110R - D4 Beta 11/24/2006 11/1/2014 0.00E+00 P -4,64E+01 | 2.13E+00 5.07E+01

LB5100 - 1 Beta 7/10/2006 10/26/2007 4.52E+00 F -3.19E-01 1.58E+00 3.48E+00
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Eberline Analytical

Oak Ridge Laboratory

GPC Detector Report

(ALL Efficiencies)

Printed: 11/24/2014 6:47 AM

Detector Alpha/Beta Calibration Date Count Date Eff PFW LCL Mean ucL
LB4110A - Al] Alpha 11/18/2007 11/24/2014 0.2375 P 0.0106 0.2189 0.4271
LB4110A - A2| Alpha 11/18/2007 11/24/2014 0.2037 P -0.0266 0.1787 0.3840
LB4110A - A3| Alpha 11/18/2007 11/24/2014 0.1996 P . -0.0483 0.1698 0.3878
LB4110A - A4] Alpha 11/18/2007 11/2472014 0.2289 P -0,0272 0.1903 0.4079
LB4110A ~Bl| Alpha 11/18/2007 11/24/2014 0.2229 P 0.1953 0.2235 0.2517
LB4110A - B2| Alpha 11/18/2007 11/24/2014 0.2100 P 0.1889 0.2189 0.2488
LB4110A - B3| Alpha 11/18/2007 11/24/2014 0.2333 P 0.1377 0.2326 0.3276
LB4110A - B4| Alpha 11/18/2007 11/24/2014 0.2304 P 0.2058 0.2343 0.2627
LB4110A - C1| Alpha 11/18/2007 11/24/2014 0.2165 P 0.1980 0.2200 0.2421
LB4110A - C2| Alpha 11/18/2007 11/24/2014 0.2265 P 0.1989 0.2250 0.2510
LB4110A - C3| Alpha 11/18/2007 11/24/2014 0.2445 P 0.2242 0.2489 0.2735
LB4110A - C4| Alpha 11/18/2007 11/24/2014 0.2184 P 0.1982 0.2249 0.2517
LB4110A - D1, Alpha 11/18/2007 11/24/2014 0.2193 P 0.1797 0.2303 0.280¢
LB4110A - D2} Alpha 11/18/2007 1172472014 0.2469 P 0.2017 0.2557 0.3097
LB4110A - D3} Alpha 11/18/2007 11/24/2014 0.2554 P 0.2054 0.2611 0.3168
LB4110A - D4} Alpha 11/18/2007 11/24/2014 0.1930 P 0.1488 0.1973 0.2458
LB4110R - AL} Alpha 11/24/2006 11/24/2014 0.2320 P 0.2002 0.2376 0.2751
LB4110R -~ A2} Alpha 1172472006 11/24/2014 0.1972 0.1847 0.2185 0.2524
LB4110R - A3] Alpha 11/24/2006 11/24/2014 0.2134 p 0.1922 0.2230 0.2537
LB4110R ~ A4| Alpha 11/24/2006 11/24/2014 0.2378 P 0.2130 0.2445 0.2760
L.B4110R - B1]| Alpha 11/24/2006 11/24/2014 0.1977 P 0.1702 0.2224 0.2746
LB4110R - B2| Alpha 11/24/2006 11/24/2014 0.1787 P 0.1670 0.2142 0.2615
LB4110R - B3| Alpha 11/24/2006 11/24/2014 0.2103 P 0.1569 0.2431 0.2892
LB4110R - B4| Alpha 11/24/2006 11/24/2014 0.1866 w 0.17589 0.2283 0.2768
LB4110R - C1| Alpha 11/24/2006 11/2472014 0.2059 P 0.1795 0.2138 0.2481
LB4110R -~ C21 Alpha 11/24/2006 11/24/2014 0.2157 P 0.1898 0.2228 0.2558
LB4110R - C3| Alpha 11/24/2006 11/24/2014 0.2275 P 0.2033 0.2380 0.2726
LB4110R -~ C4} Alpha 11/24/2006 11/24/2014 0.2068 P 0.1778 0.2194 0.2611
LB4110R - D1} Alpha 11/24/2006 11/1/2014 0.0000 w -0.0281 0.1904 0.4089 .
LB4110R - D2| Alpha 11/24/2006 11/1/2014 0.0000 w -0.0314 0.2165 0.4644
LB4110R ~- D3} Alpha 11/24/2006 11/1/2014 0,0000 w -0.0308 0.2127 0.4562
LB4110R - D4| Alpha 11/24/2006 11/1/2014 0.0000 w -0.0260 0.1714 0.3689

LB5100 - 1 Alpha 7/10/2006 10/26/2007 0.3368 P 0.3332 0.3455 0.3578
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RN

Eberline Analytical

Oak Ridge Laboratory

GPC Detector Report

(ALL Efficiencies)

Printed: 11/24/2014 6:47 AM

Detector

Alpha/Beta Calibration Date Count Date Eff PFW LCL Mean ucL

LB4110A ~ AL Beta 11/18/2007 11/24/2014 0.5692 P 0.243% 0.562%9 0.8819
LB4110A - A2 Beta 11/18/2007 11/24/2014 0.4648 P 0.1521 0.4677 0.7433
LB4110A - A3 Beta 11/18/2007 11/24/2014 0.4926 p 0.1281 0.4632 0.7982
LB4110A - A4 Beta 11/18/2007 11/24/2014 0.5618 P 0.1784 0.5028 0.8272
LB4110A - B1 Beta 11/18/2007 1172472014 0.5485 P 0.4666 0.5333 0.5999
LB4110A - B2 Beta 11/18/2007 11/24/2014 0.5336 P 0.4678 0.5272 - 0.5866
L.B4110A - B3 Beta 11/18/2007 11/24/2014 0.5970 P 0.3373 0.5417 0.7462
LB4110A - B4 Beta 11/18/2007 11/24/2014 0.5700 0.4951 0.5559 0.6166
LB4110A - C1 Beta 11/18/2007 11/24/2014 0.5457 P 0.4368 0.5115 0.5863
LB4110A - C2 Beta 11/18/2007 11/24/2014 0.5601 P 0.3994 0.5160 0.6325
LB4110A - C3 Beta 11/18/2007 11/24/2014 0.6207 P 0.5259 0.5978 0.6697
LB4110A - C4 Beta 1171872007 11/24/2014 0.5721 P 0.4528 - 0.5330 0.6131
LB4110A - D1 Beta 11/18/2007 11/24/2014 0.7162 w 0.3872 0.5646 0.7420
LB4110A - D2 Beta 11/18/2007 11/24/2014 0.6806 P 0.4358 0.5915 0.7471
LB4110A - D3 Beta 11/18/2007 11/24/2014 0.6681 P 0.4806 0.6156 0.7507
L.B4110A - D4 Beta 11/18/2007 1172472014 0.4929 P 0.3516 0.4714 0.5912
LB4110R ~ Al Beta 11/24/2006 11/24/2014 0.5733 P 0.4818 0.5701 0.6583
LB4110R - A2 Beta 11/24/2006 11/24/2014 0.5053 P 0.4236 0.5114 0.5993
LB4110R ~ A3 Beta 11/24/2006 1172472014 0.5401 P 0.4568 0.5386 0.6203
LB4110R - A4 Beta 11/24/2006 11/24/2014 0.6187 P 0.5100 0.5953 0.6806
LB4110R - B1 Beta 11/24/2006 11/24/2014 0.4721 P 0.4284 0.5393 0.6502
LB4110R - B2 Beta 11/24/2006 11/24/2014 0.4497 P 0.4117 0.5172 0.6227
{B4110R - B3 Beta 11/24/2006 1172472014 0.5364 P 0.4824 0.5958 - 0.7091
LB4110R - B4 Beta 11/24/2006 11/24/2014 0.4726 P 0.4429 0.5478 0.6527
LB4110R - C1 Beta 11/24/2006 11/24/2014 0.4874 p 0.4140 0.5016 0.5892
LB4110R - C2 Beta 11/24/2006 1172472014 0.5304 P 0.4337 0.5357 0.6376
LB4110R ~ C3 Beta 11/24/2006 11/24/2014 0.5786 P 0.4822 0.5742 0.6663
LB4110R - C4 Beta 11/24/2006 11/24/2014 0.5276 P 0.4316 0.5258 0.6201
L.B4110R -~ D1 Beta 11/24/2006 11/1/2014 0.0000 w -0.0678 0.4553 0.9785
LB4110R - D2 Beta 11/24/2006 11/1/2014 £ 0.0000 W -0.0756 0.5116 1.0989
LB4110R - D3 Beta 1172472006 11/1/2014 0.0000 w -0.0736 0.4969 1.0674
LB4110R ~ D4 Beta 11/24/2006 11/1/2014 0.0000 w -0.0630 0.4090 0.8811

LB5100 - 1 Beta 7/10/2006 10/26/2007 0.4428 F 0.4555 0.4731 0.4906

Page 1 of 1

[

st




SECTION X1I

BARIUM-133 ANALYTICAL TRACER DATA
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11/20/2014  8:14:18AM

——=Apex-Gamma

Analysis Report for  1411085-01
SPIKE

Page 1 of 6

<
[trz—

GAMMA SPECTRUM ANALYSIS

Sample Identification : 1411095-01
Sample Description : SPIKE
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Facility : Countroom
Sample Taken On T 1172012014 7:46:47AM
Acquisition Started 1 1172012014  7:59:08AM
Procedure : BAFIL
Operator : Administrator
Detector Name : GE2
Geometry : BAFIL
Live Time : 900.0 seconds
Real Time 1 800.2 seconds
Dead Time 003 %
Peak Locate Threshold 1 2.50
Peak Locate Range (in channels) 1 1-4006
Peak Area Range (in channels) 7 -4096
ldentification Energy Tolerance : 1.000 keV
Energy Calibration Used Done On L 1212014
Efficiency Calibration Used Done On 1 11/9/2014
Efficiency Calibration Description :
Sample Number 15272

Peak Analysis Performed on » 112072014 81141 11AM

Peak Analysis From Channel 1
% Peak Analysis To Channel : 4096

Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM

No. (keV) start end Centroid Area  Uncertainty Counts (keV)

WLLFOIA4312 - OC;T- 0030641



11/20/2014 8:14:18AM Page 2 of 6
Analysis Report for ~ 1411095-01
SPIKE
Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts {keV)
M 1 30.82 27~ 40 31.03 1.53E+03 84,05 2.55E+02 1.3%
m 2 35.12 27 - 40 35.23 3.75E+02 49.83 1.18E+02 1.61
3 52.66 49 - 57 52.76 5.74E+401 35.85 1.63E+02 3.89
4 61.55 58 - 65 61.64 1.22E+02 51.11 3.58E+02 1.31
5 66.35 65 - 69 66.45 6.57E+01 29.15 1.18E+02 1.79
6 81.0¢ 76~ 85 81.17 6.39E+02 64.83 2.35E+02 1.41
7 102.85 99 - 10¢ 102.92 3.18E+01 29.12 1.20E402 1.26
M 8 111.69 107~ 119 111.76 1.57E+02 31.68 7.61E+01 1.71
m 9 116.16 107- 118 116.22 2.83E+01 22.08 7.13E+01 1.73
10 137.41 135 - 139 137.46 1.72E+01 19.04 6.56E+01 1.80
11 239.53 235~ 245 239.53 3.58E+01 33.62 1.30E+02 2.09
12 276.31 271 - 283 276.29 4.36E+01 30.72 8.89E+01 1.85
M 13 293.97 291 - 315 293.93 1.398+01 11.40 1.58E+00 1.99
m 14 302.85 291 - 315 302.82 1.36E+02 24,53 1.27E+01 1.63
M 15 330.05 329 - 341 330.00  6.63E+00 5.66  6.10E+00 1.41
m i6 333.71 329~ 341 333.65 5.83E+01 19.985 1.81E+401 1.77
m 17 338.20 329~ 341 338.14 1.28E+01 12.25 2.39E+01 1.5¢6
M 18 355.88 352~ 362 355.92 4.20E+02 42 .17 2,18E+01 1.56
m i9 360.07 352~ 362 360.00 9.13E+00 10.58 8.36E+00 1.44
20 385.66 381 - 389 385.58 2.10E+02 37.53 1.12E402 3.99
21 391.23 390~ 394 391.14 2.92E4+01 16.55 3.16E+01 1.33
22 436.73 432 - 440 436.63 7.74E+01 19.92 1.338+4+01 1.51
23 454.57 451~ 458 454 .46 1.10E+01 9.59 8.00E+00 3.94
RO a e AT A GG T T RERQL T TS T F YRR g s
25 674.42 671 - 676 674.20 5.00E+00 4,47 0.00E+00 2.31
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
; Errors quoted at 2.000sigma
| BACKGROUND SUBTRACT REPORT
; Peak Analysis Performed on T 11202014 8:14:11AM
Env. Background File : WOR-GAMMA \ApexRoot\Countroom\Data\0000015027.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
M 1 30.92 1.538+03 84.05 1.53E+03 8.40E+01
m 2 35.12 3.75E+02 49.83 3.75E+02 4.98E+01
3 52.66 5,74E+01 35.85 5.74E4+01 3.58E+01
4 61.55 1.22E+02 51.11 1.22E+02 5.11E+0Q1
| 225
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11/20/2014  8:14.18AM Page 3 of 6
Analysis Report for  1411085-01

SPIKE
Peak Energy Original  Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
5 66.35 6.57E+01 29.15 6.57E+01 2.92E+01
6 81.09 6.39E+02 64,83 6.39E+02 6.48E+01
7 102.85 3.18E+01 29.12 3,18E+01 2,91E+01
M 8 111.69 1.57E+02 31.68 1.57E+02 3.17E+01
m 9 116.16 2.83E+01 22.08 2.83E+01 2.21E+01
10 137.41 1.72E+01 19.04 1.72E+01 1.90E+401
11 239.53 3.58E+01 33.62 3.89E+00 1.828+00 3.19E+01 3.37E+01
12 276.31 4,.36E+01 30.72 4,36E+01 3.07E+01
E M 13 293.97 1.398+01 11.40 1.398+01 1.14E+01
% m 14 302.85 1.36E+02 24,53 1.36E+02 2,45E+01
| M 15 330.05 6.63E+00 5.66 6.63R+00 5.66E+00
| m 16 333.71 5.83E+01 19.95 5.83E+01 1.99E+01
| m 17 338.20 1.28E+01 12.25 1.28E+401 1.22E+01
| M i8 355.98 4.20E+02 42.17 4,20E+02 4,22E+01
m 19 360.07 $.13E+00 10.58 9.13E+00 1.06E+01
g 20 385.66 2.10E+02 37.53 2.10E+02 3.75E+01
g 21 391.23 2.92E+01 16.55 2.92E+01 1.65E+01
| 22 436.73 7.74E+01 19.92 7.74E+01 1.99E+01
23 454,57 1.10E+01 9.59 1.10E+01 9.59E+00
24 469.04 1.73E+01 15.41 1.73E+01 1.54E+01
25 674.42 5.00E+00 4.47 5.00E+00 4.47E+00
M = First peak in a multiplet region
m = Other peak in a multiplet region
| F = Fitted singlet
’ Errors quoted at 2.000sigma
NUCLIDE IDENTIFICATION REPORT
Nugclide Library Used : WOR-GAMMAT\ApexRoot\Countroom\Library\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCilunits) Uncertainty
SN-113 0.92 255.12 1.83
391.69 % 61.50 2.02E+01 1.16E+01
I-125 0.97 35.49 * 6.49 3.98E+01 5.29E+00
BA-133 0.98 30.80 = 97.60 5.54E+00 4.57E~01
81.00 =* 33.00 3.44E+02 6.36E+01
302.84 * 17.80 4,50E+02 1.44E+02
356.01 ¥ 60.00 3.45E+02 5.24E+01
383.85 8.70 2 2 8

WLLFOIA4312 - 001 - 0030643




Analysis Reportfor  1411085-01
SPIKE

1172072014 8:14:18AM Page 4 of 6

* = Energy line found in the spectrum.
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance :  1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wtmean Comments
Name 1d Activity Activity
Confidence (pCilunits) Uncertainty
SN-113 0.928 2,02E+401 1.16E+01
I-125 0.978 3.98E+01L 5.29E+00
BA-133 0.987 5.58E+00 4,.57E-01

2
X
@

L |

Errors quoted at 2,000sigma

nuclide is part of an undetermined solution
nuclide rejected by the interference analysis
nuclide contains energy lines not used in Weighted Mean Activity

227
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11/20/2014  8:14:18AM Page 5 of 6
Analysis Reportfor  1411085-01

SPIKE
UNIDENTIFIED PEAKS
Peak Locate Performed on 1 11/20/2014  8:14:11AM
Peak Locate From Channel o1
Peak Locate To Channel . 4096
‘ Peak CPS (%) Peak Tolerance
Peak No. Energy (keV} Peak Size (CPS)  yncertainty Type Nuclide
3 52.66 6.37770E-02 31.23
4 61.55 1.35382E~01 20.97 Sum
5 66.35 7.29911E-02 22.19 Sum
7 102.85 3.52899E-02 45,84
M 8 111.69 1.74575E-01 10.08 Sum
m 9 116.16 3.14813E-02 38.96 Sum
10 137.41 1.91111E-02 55.35
11 239.53 3.54511E-02 52.76
12 276.31 4,.83965E-02 35.26
M 13 293.97 1.54358E~02 41.04
M 15 330.05 7.36567E-03 42.67
m 16 333.71 6.47319E~02 17.12 Sum
m 17 338.20 1.41894E-02 47,95 Sum
m 18 360.07 1.014318-02 57.96
’ 20 385.66 2.33354E-01 8.93
22 436.73 8.59722E-02 12.87 Sum
23 . 454,57 1.22222E-02 43,60
24 469.04 1.92529E-02 44 .47
25 674.42 5.55556E-03 44 .72
M = First peak in a multiplet region
~§ m = Other peak in a multiplet region
’ F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE MDA REPORT

Nugclide Library Used : WOR-GAMMA T\WpexRoot\CountroomiLibrary\WSRC.NLB
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11/20/2014  8:14:18AM Page 6 of 6
Analysis Reportfor  1411095-01

SPIKE
Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCilunits) {(pCilunits) (pCi/units) (pCifunits)
FE-55 5.89 24.50 1.17E-06 1.17E-06 -5.53E~06 5.28E-07
CO=-57 122.06 85,51 1.69E+01 1.69E+01 4,.53E+00 7.77E+0Q0
136.48 10.60 1.70E+02 4.49E+01 7.85E+01
NI-59 6.92 29.80 1.12E-05 1.12E-05 ~2.37E-05 5.38E~06
MO-93 16.5% 52.90 7.40E-03 7.40E-03 2.90E-03 3.52E-03
18.60 10.00 8.87E~02 -1.48E~01 4,22E-02
NB-93M 16.57 9.43 4,12E~02 4,12E~02 1.61E-02 1.96E-02
CD-109 88.03 3.72 2.36E+02 2.36E+02 7.73E+01 1.10E+02
+ SN-113 255.12 1.93 8.08E+02 1.61E+01 -2,20E+02 3.57E+02
§ 381.69 * 61.90 1.61E+01 2.02E+01 7.13E+00
| SN-119M 23.87 16.10 2.82E-01 2.78E-01 -1,13E~01 1.34E~-01
25.10 22.70  2.78E-01 -7.13E-03 1.32E-01
x + I-125 35.49 * 6.49 1.37E+01 1.37E401 3.98E+01 6.69E+00
§ I-129 29.78 57.00 8.92E-01 8.92E-01 4,90E+00 4,39E-01
g 33.60 13.20 3.47E+00 ~1.,25E+01 1.68E+00
§ 39.58 7.52 4.10E+00 -1,85E+00 1.83E+00
+ BA-133 30.80 * 97.60 4.78E-01 4,78E~01 5.54E+00 2,.34E-01
81.00 * 33.00 3.73E+01 3.44E+02 1.7%E+01
302.84 * 17.80 1.78E+02 4.50E+02 8.48E+01
356.01 * 60.00 2.73E+01 3.45E+02 1,26E+01
383.85 8.70 3.12E+02 -2.49E+02 1.49E+02
CE~139 165,85 80.35 2.47E+01 2. 47E+01 7.38E+00 1.138+401
§ CE-144 133.54 10.80 1.41E+02 1.41E+02 2.95E+01 6.44E+01
: HG~203 279.18 77.30 2.53E+01 2.53E+01 -2 . 40E+00 1.15E+01
‘ PB-210 10.80 9.57 3.55E~03 3.55E-03 -1,21E~02 1.74E-03
46.50 4,25 1.81E+01 3.24E+00 8.22E+00
PA-231 9.28 42.00 2,34E-04 2.34E-04 6.26E-04 1.15E-04
10.11 20.20 1.06E-03 3.49E~03 5.21E-04
283.67 1.60 8.31E+02 -1.42E+01 3.63E+02
; 302.67 2.30 1.4%E+03 3.12E+03 7.10E+02
§ TH-231 25.64 14.70 5.03E-01 5.03E-01 3.228~02 2.40E-01
i 84.21 6.40 9.40E+01 ~3.64E+02 4,28E+01
PA-234 9.89 89.00 2.00E-04 2.00E-04 6.57E~04 9.81E-05
21.72 64.90 4.57E-02 3.85E-02 2.198~02
37.93 23.7%  1.45E+00 ~2.57E+00 6.69E~01
131.42 20.40 7.75E+01 1.68E+00 3.55E+01
TH-234 63.29 3.80 1.43E+02 1.43E+02 2.39E+02 6.87E+01
Np-237 29.37 14.00 1.67E+00 1.67E+C0 ~-2.78E+01 8.09E~-01
; 86.50 12.60 6.52E+01 1.46E+01 3.04E+01
| g-237 97.08 16.30 5.60E+01 4.36E+01 7.91E+00 2.57E+01
101.07 26.30 4.36E+01 2.25E+00 2.03E+01
114.00 12.30 2.02E+02 1.928+02 9.66E+01
208.01 22.00 9.16E+01 1.57E+01 4.16E+01
AM—-241 59.54 35.90 8.60E+00 8.60E+00 -2 .19E+01 4 .05E+00
AM-243 74.67 66.00 6.76E+00 6.76E+00 1.28E+00 3.09E+00

+

Nuclide identified during the nuclide identification

Energy line found in the spectrum

MDA value not calculated

Half-life too short to be able to perform the decay correction

i
i
i
i
i

o onou

® v
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0000015272.CNF
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| L Y 1120/2014  8:33:56AM Page 1 of 7
AR -
_=Apex-Gamma
Analysis Report for  1411085-02
BLANK —
Sample Identification : 1411095-02
Sample Description : BLANK
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Facility ; Countroom
Sample Taken On 1 11/20/2014 7:46:58AM
Acquisition Started 1 1172072014 8:18:49AM
Procedure : BAFIL
Operator : Administrator
Detector Name 1 GE2
Geometry : BAFIL
Live Time : 800.0 seconds
Real Time : 900.3 seconds
Dead Time ; 0.03%
Peak Locate Threshold 1 2.50
Peak Locate Range (in channels) 1 1-4096
Peak Area Range (in channels) : 7-4096
Identification Energy Tolerance 1 1.000 keV
Energy Calibration Used Done On T 11212014
Efficiency Calibration Used Done On 1 111972014
Efficiency Calibration Description :
Sample Number 1 16276
Peak Analysis Performed on 1 11/20/2014 8:33:52AM
Peak Analysis From Channel o1
Peak Analysis To Channel . 4096
Peak Energy ROI ROI Peak Net Peak NetArea Continuum FWHM
No. (keV)} start end Centroid Area  Uncertainty Counts {keV)
01,
221
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1172012014 8:33:56AM Page 2 of 7
Analysis Reportfor  1411085-02

BLANK
Peak Energy RO/ ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area  Uncertainty Counts (keV)
1 20.73 18 - 23 20.85 6.96E+01 53.68 5.19E+02 1.58
M 2 27.98 27 - 40 28.10 3.918+01 14.67 8.4BE+01 1.10
m 3 30.95 27 - 40 31.07 1.70E+03 89,49 2.36E+02 1,33
m 4 35,16 27 - 40 35.27 3.51E4+02 47 .37 1.21E+02 1.33
M 5 61.90 58 - 72 62.00 1.92E+02 35,10 1,05E+02 1.57
m 6 66.10 58 - 72 66.20 1.19E+02 30.20 9.89E+01 1.77
7 81.12 78 - 85 81.21 7.62E+02 63.78 1.67E+02 1.49
M 8 111.73 108~ 120 111.79 1.76E+02 34.34 9.75E+01 1.71
m 9 116.04 108~ 120 116.11 3.22E+01 24.07 8.01E+01 1.73
E 10 172.51 169- 176 172.54 2.55E+01 27.78 1.11E+02 3.75
| 11 276.01 272~ 2789 275.98 3.23E+01 24.74 8.15E+01 1.29
12 285.79 283 - 290 285.76 1.46E+01 15.10 2.88E+01 2.48
M 13 302.83 299 - 316 302.79 1.37E+02 25.38 2.34E+01 1.59
m 14 307.02 299 - 316 306.98 3.59E+01 18.03 2.54E+01 1.97
M 15 333.76 329~ 342 333.70 5.99E+01 20.27 2.86E+01 1.71
m 16 337.89 329 - 342 337.83 1.85%E+01 15.46 3.30E+01 1.71
17 355.95 352~ 359 355.89 4.44F+02 46.95 7.07E+01 1.52
18 365.98 361- 371 365,91 1.93E+01 22.06 5,34E+01 5.72
19 385.61 381~ 3889 385.53 2.23E+02 40.28 1.12E+02 3.72
20 391.01 3%0~- 395 390.92 2,31E+01 20.20 4,98E+01 1.49
21 416.44 410~ 424 416.35 7.02E+01 25,32 3.96E+01 4.08
: M 22 434.11 431~ 441 434.00 6.65E+00 11.68 8.66E+00 1.53
: m 23 437.12 431 - 441 437.02 7.52E+01 18.34 5.09E+00 1.68
24 467.73 465 - 470 467,60 1.86E+01 11.49 1.08E+01 1.97
25 596.96 582~ 601 596.77 2.20E+01 9.38 0.00E+00 5.00
26 766.69 764~ 769 766.43 7.00E+00 5.29 0.00E+00 2.22
27 1011.77 1008 - 1013 1011.,490 5.00E+00 4,47 0.00E+00 1.70
: M = First peak in a multiplet region
: m = Other peak in a multiplet region
F = Fitied singlet
Errors gquoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on : 1172072014 8:33:52AM
Env. Background File : WOR-GAMMA T\ pexRoot\Countroom\Data\0000015027.CNF
Peak Energy QOriginal Orig. Area Ambient Backgr. Subtracted Subtracted
No. {keV) Area Uncertainty Background Uncert. Area Uncert.
1 20,73 6.96E+01 53.68 6.96E+01 5.37E+01
M 2 27.98 3.91E+01 14.67 3.91E+01 1.47E+01
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11420/2014  8:33:56AM Page 3 of 7
Analysis Report for  1411095-02
BLANK
Peak Energy Original  Orig. Area Ambient Backgr.  Subtracted Subtracted
No. (keV} Area Uncertainly Background Uncert. Area Uncert.
m 3 30.95 1,70E+03 89.49 1.70E+03 8.95E+01
m 4 35.16 3.51E+02 47.37 3.51E+02 4.74E+01
M 5 61.90 1.92E+02 35.10 1.92E+02 3.51E+01
m 6 66.10 1.19E+02 30.20 1.198+02 3.02E+01
7 81.12 7.62E+02 63.78 7.62E+02 6.38E+01
M 8 111.73 1.76E+02 34.34 1.76E+02 3.43E+01
m 9 116.04 3.22E+01 24.07 3.22E+01 2.41E+01
10 172,51 2.55E+01 27.78 2.55E+01 2.78E+01
i1 276.01 . 3.23E+01 24.74 3.23E+01 2.47E+01
12 285.79 1.46E+01 15,10 1,46E+01 1.51E+01
M 13 302.83 1.37E+02 25.38 1.37E+02 2,54E+01
m 14 307.02 3.59E+01 18.03 3.59E+01 1.80E+01
M 15 333.7¢ 5.99%E+01 20.27 5.99E+01 2.03E+01
m 16 337.89 1.85E+01 15.46 1.85E+01 1.55E+01
17 355.95 4.44E+02 46.95 4.44F+02 4.69E+01
i8 365.98 1.93E+01 22.06 1.93E+01 2.21E+01
19 385.61 2.23E+02 40.28 2.23E+02 4,03E+01
20 391.01 2.31E+01 20.20 2.318+01 2.02E+01
21 416.44 7.02E+01 25.32 7.02E+01 2.53E+01
M 22 434.11 6.65E+00 11.68 6.65E+00 1.17E+01
m 23 437.12 7.52E+01 18.34 7.52E+01 1.83E+01
24 467.73 1,86E+01 11.49 1.86E+01 1.15E+01
25 596,96 2.20E+01 9.38 2,20E+01 9.38E+00
26 766.69 7.00E+00 5.29 7.00E+00 5.29E+00
27 1011.77 5.00E+00 4.47 5.00E+C0 4.47E+00
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE IDENTIFICATION REPORT
Nuclide Library Used : WOR-GAMMA N\ApexRoo\CountroomiLibrany\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCilunits) Uncertainty
SN-113 0.89 255.12 1.93
391.69 61.90 1.60E+01 1.41E+01
I-125 0.98 35.49 = 6.49 3.74E+01 5.06E+00
BA~-133 0.98 30.806 * 97.60 6,19E+00 5.02E~01

WLLFOIA4312 - 001 - 0030650.

233



11/20/2014  8:33:56AM Page 4 of 7
Analysis Report for  1411085-02
BLANK

Nuclide id Energy Yield(%) Activity Activity
Name Confidence (keV) {(pCilunits) Uncertainty
BA-133 0.98 81.00 * 33.00 4,10E+02 7.22B+01

302.84 * 17.80 4 ,55E+02 1.478402

356.01 ~* 60.00 3.64E+02 6.3%E+01

383.85 8.70

* = Energy line found in the spectrum.
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance :  1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wit mean Wtmean Comments
Name i Activity Activity
Confidence (pCilunits) Uncertainty
SN-113 0.891 1.60E+01 1.418401
I-125 0.983 3.74E+01 5.06E+00
BA~-133 0.98¢6 6.24E+00 5.02E-01
? = nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Actlivity

Errors quoted at 2.000sigma
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Analysis Report for  1411095-02
BLANK
UNIDENTIFIED PEAKS
Peak Locate Performed on T 1142072014 8:33:52AM
Peak Locate From Channel 2 4
Peak Locate To Channel : 4098
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
1 20,73 7.72881E-02 38.5%9 Tol. PA-234
M 2 27.98 4.34523E-02 i8.76
M 5 61.90 2.13684E~01 9.13 Sum
m 6 66.10 1.32565%E-01 12.66 Sum
M 8 111.73 1.95199E-01 9.77 Sum
m 9 116.04 3.57936E-02 37.36 Sum
10 172.51 2.83813E~02 54,38
11 276.01 3.58447E-02 38.34
12 285,79 1.62452E-02 51.04
m 14 307.02 3.99223E-02 25.09
M 15 333.76 6.65293E-02 16.93 Sum
m 16 337.89 2.05795E~02 41.73 Sum
18 365.98 2.14493E~02 57.13
19 385.61 2.47708E-01 9.03
21 416.44 7.79938E-02 18.04
M 22 434,11 7.39074E-03 87.82
m 23 437,12 8.35953E-02 12.18 Sum
24 467.73 2.06481E~02 30.91
25 596.96 2.44444E~02 21.32
26 766.69 7.77778E~03 37.80
27 1011.77 5.55556E~03 44,72
M = First peak in a mulliplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors guoted at 2.000sigma
NUCLIDE MDA REPORT

Nuclide Library Used

1 WOR-GAMMA TWpexRoot\CountroomiLibraryiWSRC.NLB
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Analysis Report for  1411085-02
BLANK
Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCifunits) (pCi/units) (pCi/units) (pCilunits)
FE-55 5.89 24.50 1.01E-06 1.01E~-06 -6.34E-06 4,46E-07
co-57 122.06 85.51 1.54E+01 1.54E+01 ~5,74E+00 7.03E+00
136.48 10.60 1.78E+02 1.53E+01 8.24E+01
NI-58 6.92 29.80 1.13E-05 1.13E-05 -2.05E-05 5.42E~-06
MO-93 16.59 52.50 7.46E-03 7.46E-03 -1.4%E-03 3.55E~-03
18.60 10.00 9.60E-02 ~9,40E-02 4,58E-02
NB-93M 16.57 9.43 4.15E-02 4.15E-02 -8.26E~03 1.97E-02
Cb-109 88.03 3.72 2.058+02 2.05E+02 -6.42E+00 9.44E+01
+ SN-113 255.12 1.93 9.54E+02 2.21E+01 4,03E+01 4.30E+02
391.69 * 61.90 2.21E+01 1.60E+01 1.01E+01
SN-119M 23.87 16.10 2.85E-01 2.81E-01 1.57E-01 1.36E-01
25.10 22.70 2.81E-01 8.43E-02 1.348~01
+ I-125 35.49 * 6.49 1.34E+01 1.34E+01 3.74E+01 6.56E+00
I-129 , 29.78 57.00 $.47E-01 9.47E-01 5.298+00 4,67E-01
33.60 13.20 3.51E+00 -1,81E+01 1.70E+00
39.58 7.52 4,82E+00 2.14E+00 2.19E+00
+ BA-133 30.80 97.60 4.68E-01 4.68E-01 6.19E+00 2.29E-01
81.00 * 33.00 2.98E+01 4,10E+02 1.42E+01
302.84 ~* 17.80 1.61E+02 4,.55E+02 7.61E+01
356.01 ~* 60.00 3.02E+01 3.64E+02 1.40E+01
383.85 8.70 3.19E+02 -3.32E+02 1.53E+02
CE-139 165.85 80.35 2.56E+01 2.56E+01 4.60E+00 1.17E+01
CE-144 133.54 10.80 1.74E+02 1.74E+02 4.58E+01 8.07E+01
HG-203 272,19 77.30 2.30E+01 2.30E+01 4.90E+00 1.04E+01
PB-210 10.80 9.57 3.46E-03 3.46E-03 -9.98E-03 1.69E~03
46.50 4,25 2.178+01 7.77E+00 1.00E+01
PA-231 9.28 42.00 2.31E-04 2.31E-04 6.46E-04 1.13E-04
10.11 20.20 1.03E-03 2.96E~03 5.07E-04
283.67 1.60 9.36E+02 7.31E+02 4,15E+02
302,67 2.30 1.52E+03 2.65E+03 7.25E402
TH-231 25.64 14,70 4.83E-01 4.83E-01 ~2.59E-02 2.30E-01
84.21 6.40 5.52E+01 -5.78E+02 4,34E+01
PA-234 9.89 89.00 1.95E-04 1.95E-04 5.57E~-04 9.54E-05
21,72 64.90 4.44E-02 1.51E-02 2.13E-02
37.893 23.75 1.35E+00 -3.57E+00 6.16E~-01
131.42 20.40 8.55E+01 ~7.07E+00 3,96E+01
TH-234 63.29 3.80 1.44E+02 1.44E+02 2.29E+02 6.90E4+01
NP-237 29,37 14.00 1.76E+00 1.76E+00 ~-3.17E+01 8.55E~-01
86.50 12.60 5.84E+01 9.21E+00 2.69E+01
U-~-237 97.08 16.30 6.02E+01 4,48E+01 ~4,54E+01 2.78E+01
101.07 26.30 4_48E+01 2.54E+00 2.08E+01
114.00 12.30 2.19E+02 2.81E+02 1.05E+02
208.01 22.00 1.07E+02 -2 .80E+01 4,.92E+01
AM-241 59.54 35.90 8.17E+00 8.17E+00 -2.69E+01 3.83E+00
AM-243 74.67 66.00 7.50E+00 7.50E+00 2.80E+00 3.46E+00
+ = Nuclide identified during the nuclide identification
* = Epergy line found in the spectrum
> = MDA value not calculated
@ = Hall-ife too short to be able to perform the decay correction
2356
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Analysis Report for  1411095-03

11/20/2014

FEE-DRI-W-FADW29206L

8:57:14AM

Page | of 7

«
[0

GAMMA SPECTRUM ANALYSIS

Sample identification
Sample Description
Sample Type

Sample Size
Facility

Sample Taken On
Acquisition Started

Procedure
Operator
Detector Name
Geometry

Live Time

Real Time

Dead Time

Peak Locate Threshold

Peak Locate Range {in channels}
Peak Area Range (in channels})
identification Energy Tolerance

Energy Calibration Used Done On

Efficiency Calibration Used Done On
Efficiency Calibration Description

Sample Number

1 1411085-03
: FEE-DRI-W-FADW29206L
: RARECOVERY

: 1.000E+00 units
: Countroom

: 11/20/2014 7:47:256AM
1172012014 8:42:08AM

1 BAFIL

. Administrator
: GE2

: BAFIL

: 800.0 seconds
: 900.3 seconds

: 0.03%

: 2.50

: 1-4096

1 7-4086

: 1.000 keV

T 11/2/2014
1 117912014

1 15281

PEAK ANALYSIS REPORT

: 117202014 857 11AM

Peak Analysis Performed on

Peak Analysis From Channel 1
Peak Analysis To Channel : 4006
Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM
No. {keV) start end Centroid Area  Uncertainty Counts (keV)
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Analysis Report for  1411095-03
FEE-DRI-W-FADW29206L

Peak Energy ROI RO! Peak Net Peak Net Area Continuum FWHM
No. (keV) start end Centroid Area  Uncertainty Counts (keV)
1 20.98 19 - 23 21,10 1.55E+02 48,90 3.91E+02 1.30
2 30.94 27 - 39 31.06 2.37E+03 106.09 2.78E+02 1.33
3 35.15 27 ~ 39 35.26 4. 90E+02 54.99 1.21E+02 1.33
4 53.17 50 ~ 58 53.27 6.41E+01 43,01 2.50E+02 2.26
5 61.87 58 - 74 61.97 2.67E+02 39.60 1.27E+02 1.48
6 66.10 58 - 74 66.19 1.14B+02 34.55 1.57E+02 1.61
7 70.30 58 - 74 70.39 2.06E+01 29.42 1.56E+02 1.61
8 81.03 77 - 84 g1.11 9.72E+02 73.81 2.60E+02 1.32
9 112.02 108~ 119 112.08 2.32E+02 39.27 1.19+02 1.56
190 115.84 108- 119 115.90 5.43E+01 28.32 9,30E+01 1.57
11 276,92 273 - 282 276.90 6.80E+01 31.11 9.81E+01 1.82
12 303.25 298 - 311 303.21 1.798+02 45,98 1.60E+02 1.41
13 333.65 329 - 342 333.60 8.42E+01 23.81 3.258+01 2.07
14 338.21 329 - 342 338.15 2.66E+01 18.52 3.50E+01 2.07
15 356.01 351~ 360 355.94 6.71E+02 55.38 5.44E+01 1.47
i6 377.01 373~ 3895 376.93 1.31E+01 11.30 2.45E+01 1.61
17 384.11 373~ 3895 384.02 1.26E+02 30.79 2.07E+01 1.62
18 386.93 373~ 385 386.85 2.45E+02 32.92 1.23E+01 1.43
19 351.04 373~ 385 390.96 5.26E+01 17.08 1.09E+01 1.63
20 414.29 409 - 428 414,20 3.99E+01 15.87 1.50E+01 2.00
21 418.60 409~ 428 418.50 2.80E+01 16.73 1,.04E+4+01 2.01
22 436.96 433~ 439 436,85 1.22E8+02 23.34 1.028+01 1.85
23 448.16 443 - 453 448,05 2.45E+01 11.7¢ 4.93E+00 8.23
24 468.80 463~ 475 468.68 2.60E+01 18.03 2.60E+01 1.83
25 575.15 572 - 577 574.97 7.50E+00 6.71 3.00E+00 2.46
26 641.76 638 - 644 641.56 9.00E+00 6.00 0.00E+00 2.92
27 709.24 706~ 711 709.00 5.00E+00 4,47 0.00E+00 2.98
28 1119.81 1117- 1121 1118.40 5.00E+00 4,47 0.00E+CO 1.24
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on © 11/20/2014 887 11AM
Env. Background File . WOR-GAMMAT\pexRoof\Countroom\Data\0000015027.CNF
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
1 20,98 1.55E+02 48.90 T.47E~-01 3.74E+00 1.55E+02 4,90E+01
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Analysis Reportfor  1411085-03
FEE-DRI-W-FADW28206L
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV} Area Uncertainty Background Uncert. Area Uncert.
M 2 30.94 2.37E+03 106.09 2.37E+03 1.06E+02
m 3 35.15 4_.90E+02 54.99 4.90E+02 5.50E+01
4 53.17 6.415+01 43.01 2 .51E+00C 1.44E+00 6.16E+01 4.30E+01
M 5 61.87 2.67E+02 39.60 2.67E402 3.96E+01
m 6 66.10 1.148+02 34.55 1.14E+02 3.46E+01
m 7 70.30 2.06E+01 29.42 2.06E+01 2.94E+01
8 81.03 9,72E+02 73.81 9.72E402 7.38E+01
M 9 112.02 2.32E+02 39.27 2,32E+02 3.93E+01
m 10 115.84 5.43E4+01 28.32 5.43E+01 2,83E+01
11 276,92 6.80E+01 31.11 6.80E+01 3.11E+01
12 303.25 1.79E+02 45.98 1.78E+02 4. 60E+01
M 13 333.65 8.42E+01 23.81 8.42E+01 2.38E+01
m 14 338.21 2.66E+01 18.52 2.66E+01 1.85E+01
15 356.01 6.718+02 55.38 6.71E+02 5.54E+01
M 16 377.01 1.31B401 11.30 1.31E+01 1.13E+01
m 17 384.11 1.26E+02 30.79 1.26E+02 3.08E+01
m 18 386.93 2.45E+02 32.92 2.45E+02 3.29E+01
m 19 391.04 5.26E+01 17.08 5.26E+01 1.718+401
M 20 414.29 3.99E+01 15.87 3.99E+01 1.59E+01
m 21 418.60 2.80E+01 16.73 2.8CE+01 1.67E+01
22 436.96 1.22E+02 23.34 1.22E+02 2.33E+01
23 448,16 2.45E+01 11.76 2.45E+01 1,188+01
24 468.80 2.60E+01 18.03 2.60E+01 1.80E+01
25 575.15 7.50E+00 6.71 7.50E+00 6.71E+00
26 641.76 9.00E+00 6.00 $.00E+00 6.00E+00Q
27 709.24 5.00E+00 4.47 5.00E+00 4.47E+00
28 1119.81 5.00E+00 4.47 6.93E~-01 6.94E-01 4,.31+00 4,53E+00
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
NUCLIDE IDENTIFICATION REPORT
Nuclide Library Used 1 WOR-GAMMA TWpexRoot\Countroom\Library\WSRC.NLB
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCilunits) Uncertainty
SN-113 0.89 255.12 1.93
391.69 % 61.90 3.65E+01 1.22E+01

NAY
‘e 'f;:-g‘
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Analysis Report for ~ 1411095-03 '
FEE-DRI-W-FADW29206L
Nuclide id Energy Yield(%) Activity Activity
Name Confidence (keV) {(pCilunits) Uncertainty
I-125 0.98 35.49 * 6.49 5.21E+01 5.86E+00
BA~133 0.99 30.80 * 97.60 8.64E+00 6.57E~01
81.00 = 33.00 5.22E8+02 8.99E+01
302.84 ~* 17.80 5.94E+02 2.19E+02
356.01 * 60.00 5.51E+02 8.94E+01
383.85 * 8.70 6.41E+02 4 ,.72E+02
* = Energy line found in the spectrum,
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma
Nuclide Nuclide Wt mean Wtmean Comments
Name Id Activity Activity
Confidence (pCitunits) Uncertainty
SN-113 0.898 3.65E+01 1.22E+01
I-125%5 0.981 5.21E+01 5.86E+00
BA~-133 0.99%6 8.70E+00 6.57E~-01

?
X
@

Bonou

nuclide is part of an undetermined solution
nuclide rejected by the interference analysis

nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 2.000sigma

WLLFOIA4312 - 001 - 0036559‘
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Analysis Report for ~ 1411085-03
FEE-DRI-W-FADW29206L

UNIDENTIFIED PEAKS

Peak Locate Performed on ;1172072014 8:57:11AM
Peak Locate From Channel 1
Peak Locate To Channel . 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
" 1 20.98 1.71771E-01 15.86 Tol. PA-234
4 53.17 6.84558E~02 34.92
M 5 61.87 2.96131E~01L 7.43 Sum
m 6 66.10 1.262978~01 15.20 Sum
m 7 70.30 2.29290E-02 71.29 Sum
: M 9 112.02 2.572828-01 8.48 Sum
m 10 115.84 6.03576E-02 26.06 Sum
11 276.92 7.55081E~02 22.89
M 13 333.65 9.35814E~02 14.14 Sum
m 14 338.21 2.96006E~02 34,76 Sum
M 16 377.01 1.45966FE-02 43.02
m 18 386.93 2.71684E~-01 6.73 Sum
M 20 414.29 4.43805E~02 19.87 Sum
m 21 418.60 3.10889E~-02 29.90 Sum
22 436.96 1.35464E-01 9.57 Sum
23 448,16 2.72634E~-02 23.96
24 468.80 2.88889E~02 34.67
25 575.15 8.33333E~03 44 .72
26 641.76 1.00000E-02 33.33
27 709.24 5.55556E-03 44,72
28 1119.81 4,78522E-03 52.54

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

NUCLIDE MDA REPORT

Nuclide Library Used . WOR-GAMMA 1\ApexRoof\Countroom\Library\WSRC.NLB

243
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Analysis Report for  1411095-03
FEE-DRI-W-FADW29206L

Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCilunits) (pCilunits) (pCi/units) (pCilunits)
FE-55 5.89 24.50 1.23E~00 1.23E-06 -4 .84E-06 5.55E~07
Co~-57 122.06 85.51 1.89E+01 1.895+01 1.22E+01 8.77E+00
136.48 10.60 1.95E+02 -8.38E+01 3,0%E+01
NI-59 6.92 29.80 1.09E~05 1.0%E-05 ~2.63E-05 5.238-06
MO=-93 16.59 52.90 7.4%E-03 7.49E~-03 2.96E-03 3.56E~03
18.60 10.00 8.26E~-02 -3.11E-01 4.41E-02
NB-93M 16.57 9.43 4.17E-02 4,17E~-02 1,65E~02 1.98E-02
CD~109 88.03 3.72 2.41E+02 2.41E+02 7.60E+01 1.13E+02
+ SN-113 255.12 1.93 1.09E+03 3,70E4+01 -2.99E+01 4.,99E+02
391.69 * 61.90 3.70E+01 3,65E+01 1.75E+01
SN-1189M 23.87 16.10 2.778~01 2.77E~-01 1.04E-02 1.32E-01
25.10 22.70 2.78E-01 -2 .64E~02 1.32E-01
+ I-125 35.49 «* 6.49 1.34E+401 1.34E+01 5.21E+01 6.53E4+00
I-128 29.78 57.00 1.12E+00 1.12E+00 7.55E+00 5,.54E~01
33.60 13.20 4,17E+00 -2 .68E+01 2.03E+00
39.58 7.52 4,89E+00 ~1.50E+00 2.22E+00
+ BA~133 30.80 * 87.60 4.69E-01 4,69E-01 8.64E+00 2.30E-01
81.00 «* 33.00 3.63E+01 5.22E+02 1.74E+01
302.84 * 17.80 2.13E+02 5.94E+02 1.02E+02
356.01 * 60.00 2.87E84+01 5.51E8+02 1.32E+01
383.85 * 8.70 2.73B+02 6.41E+02 1.30E+02
CE-139 165.85 80.35 2,.76E+01 2.76E+01 -1.69E+00 1.28E+01
CE-144 133.54 10.80 1.68E+02 1.68E+02 -4 ,55E+00 7.78E+01
HG-203 279.19 77.30 3.19E+01 3.19E+01 2.69E+00 1.48E+01
PB-210 10.80 9.57 3.52E-03 3.52E~03 -8.288-03 1.72E-03
46.50 4.25 2.05E+01 4.,7CE+00 9.43E+00
PA-231 9.28 42,00 2.29E-04 2.29E~-04 5.41E~04 1.12E-04
10.11 20.20 1.05E~03 3.32E~-03 5.158-04
283.67 1.60 1.03E+03 -1.56E+02 4,62E+02
302.67 2.30 1.76E+03 4,46E+03 §.46E+02
TH~231 25.64 14.70 5.15E-01 5.15E~-01 4,02E-03 2.46E~-01
8§4.21 6.40 1.12E+02 -5.58R+02 5.20E+01
PA-234 9.89 89.00 1.985-04 1.98E-04 €.24E-04 9,69E-05
21.72 64.90 5.30E~-02 9.07E-02 2.56E-02
37.93 23.75 1.49E+00 -5.59E+00 6.9%0E-01
131.42 20.40 8.24E+01 -2.68E+01 3.80E+01
TH~234 63.2% 3.80 1.70E+02 1,.70E+C2 3.34E4+02 8.18E+01
NP-237 29.37 14.00 2.02E+00 2.028+00 -4 ,28E+01 9.,84E-01
86.50 12.60 6.82E+01 -3.20E+01 3.18E+01
Ug-237 97.08 16.30 7.21E+01 4.78E+01 ~1.71E+01 3.38E+01
101.07 26.30 4,.78E+01 1.778+01 2.24E+01
114.00 12.30 2.63E8+02 4.24E+402 1.27E+02
208.01 22.00 1.228+402 ~-7.16E+00 5.67E+01
AM-241 59.54 35.90 9.31E+00 9.31E+00 -3.91E+01 4 . 40E+00
AM-243 74.67 66.00 7.22E+00 7.22E+00 2.60E+00 3.32E+00

+

® v

Hou # H

Nuclide identified during the nuclide identification
Energy line found in the spectrum

MDA value not calculated
Half-life too short to be able to perform the decay correction

WLLFOIA4312 - 001 - 0030661
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11/2012014  91513AM Page | of 7
Apex-Gamma
Analysis Reportfor  1411005-04 ,
FEE-BRI-W-FADW29206L C’//;‘/
Sample Identification : 1411095-04
Sample Description . FEE-BRI-W-FADW26206L
Sample Type : RARECOVERY
Sample Size : 1.000E+00 units
Facility : Countroom
Sample Taken On 1 112012014 T:47:48AM
Acquisition Started T 11/20/2014  9:00:05AM
Procedure : BAFIL
Operator . Administrator
Detector Name : GE2
Geometry 1 BAFIL
Live Time : 800.0 seconds
Real Time : 900.3 seconds
Dead Time : 0.03%
Peak Locate Threshold 1 2.50
Peak Locate Range (in channels) 1 1-4098
Peak Area Range {in channels) 1 7 -4086
lgentification Energy Tolerance . 1.000 keV
Energy Calibration Used Done On T 11212014
Efficiency Calibration Used Done On 2 11/9/2014
Efficiency Calibration Description :
Sample Number : 15285
i
Peak Analysis Performed on : 1172012014 9:15:08AM |
Peak Analysis From Channel o1
Peak Analysis To Channel 1 4096
Peak Energy RO ROI Peak Net Peak NetArea Continuum  FWHM
No. (keV) start end Centroid Area  Uncertainty Counts (keV)

247
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11/20/2014  9:115:113AM Page 2 of 7
Analysis Report for  1411085-04
FEE-BRI-W-FADW29206L
Peak Energy ROI RO! Peak Net Peak NetArea Continuum = FWHM
No. (keV} start end Centroid Area  Uncertainty Counts (keV)
1 20.92 18 - 24 21.04 9.80E+01 61.22 6.12E+02 1.17
2 30.94 27 - 40 31.05 2.34E+03 102.98 3.14E+02 1.35
3 35.18 AT 40 35.29 5.67E+02 56.92 1.33E+02 1.46
4 52.89 50 - 57 52.99 8.38E+01 37.26 1.74E+4+02 2.86
5 61.85 58 — 72 62.04 2.70E+02 40.26 1.18E+02 1.77
6 65,98 58 - 72 66.08 1.21E+402 36.73 1.39E+02 1.77
7 81.1¢C 77 - 86 81.18 8.87E+02 65.51 1.12E+02 1.33
8 83.92 77 - 86 84.00 1.54E+401 12.03 8,68E+01 1.00
9 92,48 89 - 96 92.56 4.47E+01 35.04 1.73E+02 2.95
10 111.68 109 - 115 111.75 2.00E+02 46.05 2.50E+02 1.29
11 142.064 138~ 147 142.69 5.52E+01 41.51 2.14E+02 3.25
12 161.16 158 - 164 161.20 3.54E+01 31.93 1.57E+02 1.44
13 238.42 236~ 240 238.42 2.34E+01 18.65 5.53E+01 1.86
14 276.59 273 - 282 276.56 8.10E+01 28.53 7.00E+01 1.90
15 302,93 299~ 314 302,90 1.59E+02 27.26 3.57E+01 1.60
16 307.50 299 - 314 307.4¢6 3.3%E+01 17.97 2.10E+01 1.83
17 311.33 298¢~ 314 311.29 1.068+01 13.82 1.64E+01 1.67
18 333.28 328 - 336 333.23 1.08E+02 28.97 6.20E+01 1.99
18 337.96 337 - 341 337.91 1.35E+01 16.14 4,70E+01 1.09
20 356.00 352 - 360 355.93 6.53E+02 56,72 9.03E+01 1.42
21 384.23 380~ 396 384.15 1.44E+02 31.26 1.49E4+01 1.62
22 391,17 380~ 396 391.09 5.46E+01 17.4¢6 1.60E+00 1.63
23 3989.83 397~ 404 399.75 1.04E+01 11.83 1.73E+01 3.38
24 415.34 411 - 420 415,24 4 .37E+01 27.20 8.26E+01 1.86
25 436.92 433 - 441 436.81 1.01E+02 24.61 3.09E+01 1.40
26 468.606 464 ~ 473 468.54 2.60E+01 15.62 2.00E+01 1.99
27 608.73 605~ 611 608.54 1.35E+01 9,62 7.0CE+00 1.21
28 803.12 799 - 805 802.84 6.60E+00 8.03 6.80E+C0 2.71
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on : 11/20/2014  9:15:09AM
Env. Background File : WOR-GAMMAT\ApexRootiCountroom\Data\0000015027.CNF
Peak Energy Original  Orig. Area Ambient Backgr. Subtracted Subtracted
No. {keV) Area Uncertainty Background Uncert. Area Uncert.
1 20.82 9.80E+01 7.47E~01 3.748+00 9.73E+01 6.13E+01

61.22

248
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112012014 915:13AM Page 3 of 7

Analysis Report for ~ 1411095-04
FEE-BRI-W-FADW29206L

Peak Energy Original  Orig. Area Ambient Backgr. Subtracted Subtracted

No. {keV) Area Uncertainty Background Uncert. Area Uncert.

M 2 30.%4 2.34E403 102.98 2.34E+03 1,03E+02

m 3 35.18 5.67E4+02 56.92 5.67E+02 5.69E+01

4 52.89 8.38E+01 37.26 8.38E+01 3.73E+01

M 5 61.95 2.70E+02 40.26 2.70E+02 4 ,03E+01

m % 65.98 1.21E+02 36.73 1.21E+02 3.67E+01

M 7 81.10 8.97E+02 65.51 8.97E402 6.55E+01

m 8 83.92 1.54E+01 19.03 1.54E+01 1.90E+01

9 92,48 4,47E+01 35,04 1.49E+4+01 2.18E+00 2.398E+01 3.51E+01

10 111.68 2.00E+02 46.05 2.00E+02 4.61E+01

‘ 11 142,64 5.52E+01 41.51 5,.52E+01 4,15E+01
§ 12 161.16 3,54E+01 31.93 3.54E+01 3.19E+01
| 13 238.42 2.34E+01 18.65 3.892E+00 1,82E+00 1.95E+01 1.87E+01
§ 14 276.59 8.10E+01L 28.53 8.10E+01 2.85E+01
| M 15 302.83 1.59E+02 27.26 1.59E+02 2.73E+01
| m 16 367.50 3.398+01 17.97 3.3%E+01 1.80E+01
| m 17 311.33 1.06E+01 13.82 1.06E+01 1.38E+01
E 18 333.28 1.08E+02 28.97 1,.08E+02 2.%0E+01
§ 19 337.96 1.35E+01 16.14 1.35E+01 1.61E+01
20 356.00 6.53E+02 56.72 6.53E+02 5.67E+01

| M 21 364.23 1.44E+02 31.26 1.44E+02 3.13E+01
| m 22 391.17 5.46E+01 17.4¢6 5.46E+01 1.75E+01
23 399.83 1.04E+01 11.83 1.04E+01 1.18E+01

24 415.34 4.378+01 27.20 4,37E+01 2.72E+01

25 436.92 1.018+02 24.61 1.01E+02 2.46E+01

26 468.6%6 2.60E+01 15.62 2.60E+01 1.56E+01

271 608.73 1.358+01 9.62 3.02E+00 1.07E+00 1.05E+01 9.68E+00

28 803.12 6.60E+00 8.03 6.60E+00 8.03E+00

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used : WOR-GAMMA1\ApexRoot\Countroom\LibraryA\WSRC.NLB

IDENTIFIED NUCLIDES
Nuclide Id Energy Yield{(%) Activity Activity
Name Confidence (keV) (pCitunits) Uncertainty
| SN-113 0.92 255.12 1.93
381.69 * 61.90 3.78E+01 1.25E+01

243
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114202014 915113AM Pagedof 7
Analysis Report for  1411085-04
FEE-BRI-WW-FADW206206L

Nuclide id Energy Yield(%) Activity Activity
Name Confidence {(keV) (pCilunits) Uncertainty
I-125 0.98 35.49 ~* 6.49 6.07E+01 6.10E+00
BA-133 0.98 30.80 * 97.60 8.52E+00 6.458~-01
81.00 ~* 33.00 4,83E+02 8.26E+01
302.84 * 17.80 5,.29E+02 1.67E+02
356.01 * 60.00 5.36E+02 8.82E+01
383.85 * 8.70 7.308+02 5.32E+02

* = Energy line found in the spectrum.
- = Manually added nuclide,
7 = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance :  1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wtmean Comments
Name d Activity Activity
Confidence (pCilunits) Uncertainty
SN-113 0.920 3.78E+01 1.25E+01
I-125 0.985 6.07E+01 6.10E+00
BA-133 0.997 8.5%E+00 6.44E-01
? = nuclide is parf of an undetermined solution
X = nuclide rejected by the interference analysis
@ = nuclide containg energy lines not used in Weighted Mean Activity
Errors quoted at 2.000sigma
(% por’ *
259
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11/20/2014  9:15:13AM Page S of 7
Analysis Report for  1411085-04
FEE-BRI-W-FADW29206L
UNIDENTIFIED PEAKS
Peak Locate Performed on 1 11/20/2014  9:15:08AM
Peak Locate From Channel 21
Peak Locate To Channel . 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS}  yncertainty Type Nuclide
1 20.92 1.08082E-01 31.52 Tol. PA-234
4 52.89 9.31514E-02 22.22
M 5 61.95 3.00424E-01 7.45 Sum
m 6 £5.98 1.34361E-01 15.19 Sum
m 8 83.92 1.71032E-02 61.80 Tol. TH-231
9 92.48 3.31259E-02 58.88
10 111,68 2.22400E-01 11.50 Sum
11 142.64 6.13169E-02 37.61
1z 161.16 3.92982E-02 45.14
13 238.4z2 2.16243E~02 48.14
14 276.58 9.00000E-02 17.61
m 16 2307.50 3.76300E-02 26.53
m 17 311.33 1.17351E~02 65.43
18 333.28 1.19976E~01 13.42 Sum
19 337.9¢6 1.49850E-02 59.84 Sum
23 399.83 1.15205E-02 57.06
24 415.34 4,85621E-02 31.12 Sum
25 436.92 1.11743E-01 i2.24 Sum
26 468.66 2.88883%E~02 30.04
27 608.73 1.16483E-02 46.16
28 803.12 7.33333E~03 60.84
|
M = First peak in a multiplet region |
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2,000sigma
NUCLIDE MDA REPORT

Nuclide Library Used

. WOR-GAMMAT\ApexRoot\Countroom\Librar\ WSRC.NLB

——

om

LI A
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1172012014 9:15:13AM Page 6 of 7
Analysis Report for  1411095-04
FEE-BRI-W-FADW29206L

Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCilunits) (pCilunits) (pCilunits) (pCi/units)
FE-55 5.89 24.50 1.33E-06 1.33E-06 ~-5.36E-06 6.06E-07
CO-57 122.06 85.51 1.94E+01 1.%4E+01 7.95E+00 9.00E+00
136.48 10.60 1.798+402 -3.71E4+0Q0 8.31E+01
NI-59 6.92 29.80 1.16E-05 1.16E~05 -2 .16E~05 5.58E~06
MO~-93 16.59 52.90 7.35E-03 7.35E~03 3.76E-04 3.49E-03
18,60 10.00 9.00E~02 -2.76E-01 4.28E~02
NB-93M 16.57 9.43 4.09E-02 4.098~02 2.09E-03 1.94E~02
CD-10% 88.03 3.72 2.46E+02 2.46E+02 7.59E+01 1.158+02
+ SN-113 255.12 1.93 9.54E402 2.13+01 ~4 ,75E+02 4.30E+02
391.695 * 61.90 2.13E+01 3.78E+01 9. 74E+00
SN-119M 23.87 16.10 2.74E-01 2.74E~-01 -2 .35E8-01 1.30E~01
25.10 22.70 2.82E-01 -2.52E-02 1.35E-01
+ I-125 35.49 ¢ 6.49 1.52E+01 1.52E+01 6.07E+01 7.43E+00
I-129 29.78 57.00 1.09E+00 1.09E+00 7.22E4+00 5.37E-01
33.60 13.2¢0 4.,25E+400 ~2.36E+01 2.07E+00
39.58 7.52 4,69E4+00 7.88E-01 2.12E+00
+ BA-133 30.80 * 97.60 5.28E-01 5.28E-01 8.52E+00 2.59E~01
81.00 ~* 33.00 3.71E+01 4,83E+02 1.78E+01
302.84 * 17.80 1.67E+02 5.29E+02 7.91E+01
356.01 * 60.00 3.55E+01 5.36E+02 1.66E+01
383.85 * 8.70 1.63E+02 7.30E+02 7.44E+01
CE-139 165.85 80.35 3.03E+01 3.03E+01 1.35E+01 1.41E+01
CE~-144 133.54 10.80 1.78E+02 1.78E+02 4.018+401 8.27E+01
HG-203 279.19 77.30 3.04E+01 3.04E+01 8.90E+00 1.41E+01
PB-210 10.80 9.57 3.54E-03 3.54E~03 -9.57E~03 1.738~03
46.50 4,25 2.28E+01 1.04E+01 1.06E4+01
PA-231 9.28 42.00 2.31E-04 2.31E-04 4.,97E-04 1.13E-04
10.11 20.20 1.06E-03 3.3%E-03 5.18E~-04
283.67 1.60 9.36E+02 3.43E402 4 15E+402
302.67 2,30 1.63E403 3.91E+03 7.80B+02
TH~231 25,64 14.70 5,29E~01 5.29E-01 -4 .42E-02 2.53E~01
84.21 6.40 1.18E+02 ~6.60E+02 5.48E+01
PA-234 9.89 89.00 1.99E~04 1.99E-04 6.38E-04 9.75E-05
21.72 64,90 5.04E-02 7.12E-02 2.43E~02
37.93 23.75% 1.58E+00 ~3.45E+00 7.31E-01
131.42 20.40 8.08E+01 ~-2.90E+01 3.72E401
TH~234 63.29 3.80 1.71E+02 1.71E402 3.38E+02 8.23E+01
Np-237 29.37 14.00 2.00E+00 2.00E+00 -3.83E+01 9,75E-01
86.50 12.60 6.91E+01 2.14E+01 3.23E+01
U-237 97.08 16.30 6.53E+01 4,.82E+01 1,.37E+01 3.03E+01
161.07 26.30 4,82E+01 -7.50E+00 2.25E+01
114.00 12.30 2.48E+02 3.89E+02 1.20E+02
208.01 22.00 1.02E+02 -3.90E+0Q1 4,65E+01
AM~241 59.54 35.90 8.65E+00 8.65E+00 ~3.65E4+01 4.07E+00
AM~-243 74.67 66.00 7.50E+00 7.50E+00 2.717TE+Q0 3.46E+00

+

e v

[ I

Nuclide identified during the nuclide identification
Energy line found in the spectrum

MDA value not calculated
Half-life too short 1o be able to perform the decay correction

WLLFOIA4312 - 001 - 0030669
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ANALYTICAL DATA (GROSS ALPHA/BETA)
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Eberline Services - Printed: 11/20/2014 8:07 AM
S e e cacaT Thsr
Run 1
Work order 4-1108 | St i
Analysis Code | GaGbT_ThSr 01 LCS LCS 11/18/14 00:00 1.0000E+00
 Run 02 ' MBL BLANK | 11118114 00:00 1.0000E+00
''''''' Date Received 11/18/2014 03 | DUP FEE-BRI-W-FADW20206L 39 11/13/14 00:00 6.0000E-02
| LabDeadline 1112412014 04 | DO FEE-BRI-W-FADW29206L 39 11/13/14 00:00 6.0000E-02
B Client Feezor Engineering, Inc.
B Project N FEEBRI i
Report Level - /A 1 [ e N
Activity Units  pCi
Ali;uot Units | B “'
Matrix WA ’ B
Method |  EPA 900.0 Modified -
lnstrumen;;’;ée “AwAlphalBeta GPC

Radiometric Tracer

Radiometric Sol#

Tracer Act {(dpm/g)

Carrier

Carrier Conc (mgiml)

E?‘ * SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only. ™ Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.
)
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Eberline Services . ’ Printed: 11/20/2014 8:07 AM
Oak Ridge Laboratory 14-11095 o Page 2 0f 3
Analysis Shest GaGbT_ThSr
Run 1
Internal t Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier [ Grav Filter Grav Filter Grav Filter Grav Mean SAF SAF
Fraction = Desc Aliquot (g} ACT (dpm) Tracer (pCi} % Rec Added (ml) Tare (g) Finaf (¢} Net (g) % Rec % Rec 1™ 2>
01 LCS 0.00; 7.5961 7.5963 0.0002 1.00 | 1.00
02 . MBL 0.00 7.4932 7.4940 0.0008 1.00 ; 1.00
03 DUP O.OOA 7.4654 7.5278 0.0624 1.00 | 1.00
04 0.00 7.5283 0.0655 1.00 | 1.00

. DO

7.4628,

LSY

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.  ** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.
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gbirline Se&rices 14-11095 Printed: 11/20/2014 8:07 AM
ak Ridge Laborat P f
Anasysisg Shoot GaGbT_ThSr age 3 of 3
Runi1
Internal | Sample Rough Prep Rough Prep ] Prep Prep Sep t0 Sep 0 Sep t1 : Sep 1
Fraction Desc Date By Date By Date/Time By Date/Time By
01 LCS 11/20/14 05:56 | MHIGHTOWER
02 mMBL i 11/20/14 05:56 | MHIGHTOWER
03 DuUpP 11/20/14 05:56 | MHIGHTOWER|
04 DO 11/20/14 05:56 | MHIGHTOWER ;

1911
<O

“ SAF1 is used for Gross Alpha and alf other radionuclides. SAF2 is used for Gross Beta only.

* Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/20/2014 12:25 PM
Qak Ridge Laboratory . Page 1 0of 3
Work Order: 14-11095-GaGbT-1 getor:
Lab Bample Chent Activity . ics LCS Les RPD MDA Blank
Fraction Nuctide Desc dentification Units Results Brror Esfimate MDA Known %R Flag Flay Flag Flag
01 GROSS ALPHA | LCS LCS pCifl 2.84E+02| 3.66E+00| 2.52E-01 2.69E+02] 98.08 0K OK
- 02 GROSS ALPHA | MBL BLANK pCifl 3.84E-02| 6.81E-02{ 1.45E.01 OK oK
5 -
® 03 GROSS ALPHA | DUP FEE-BRI-W-FADW292061 pCin 3.05E+01| 7.778+00| 5.36E+00 NA INV
04 GROSS ALPHA | DO FEE-BRI-W-FADW29206L pCill 337E+01] B.91E+00| 7.82E+00 INV
g b=
gl Q
s O
3 4]
< O
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£ ™
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g
e
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WIS

Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 11/20/2014 12:25 PM

Eberline Services Work Order

Client

Feezor Engineering, Inc.

Oak Ridge Laborator Work Order: 14-11095-GaGbT-1 Page 2013
Lab " Sample Sample 7 Radi tri Grav Mean ’ Sep {0 Sep t1
Fraction Nuclide Desc Date Aliguot % Rec % Rec % Rec SAF Date/Time Date/Time
01 GROSS ALPHA LCS 11/18/14 00:00 1.00E+Q0 0.00 0,00 0.00 1.00
02 GROSS ALPHA | MBL 11/18/14 00;00 1.00E+00 0.00 0.00 0.00 1.00
g v
03 GROSS ALPHA DUP 1111314 00:00 6.00E-02 0,00 0.00 0.00 2.23
l—" 04 GROSS ALPHA Do 11/13/14 00:00 6.00E-02 0.00 0.00 0.00 231
©
°©
s L
s ©
|8 3]
1= O
-»
L ]

Q92




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/20/2014 12:25 PM~

Oak Ridge Laboratory Work order: 14-11 095"G3G bT-1 Page 3 of 3

Lab " Sample Counting Halflife Count Bky
Fraction Nuslide Desc | DatelTime {days) Datact Carrier Time Counts CPM £t
01 GROSS ALPHA | LCS 14120114 09:54 LB4110A c1 120 20029,0.066566667|  0,2B45
i 02 GROSS ALPHA | MBL 11/20/14 09:54 LB4110A c2 120 5|0.016666667| 10,2857
g, v ‘
03 GROSS ALPHA | DUP 11/20144 09:54 LB4110A c3 120 650.016666667| 0.2878
04 GROSS ALPHA | DO 11/20/114 09:54 LB4110A c4 120 | 66(0.033333333]  0.2657

Analysis Code
GaGbT

éber!ine Services Work Order

Client

Feezor Engineering, Inc.
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s




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/20/2014 12:25 PM

Oak Ridge Laboratory Work Order: 14-11095-GaGbT-1 Page 1 of3

Lab . Sample Client Activity R - LCS LCS Les RPD MoA Blank
Fraction Nuclida Desc identification Units Ervor MDA 1 Known %R Flag Flag Flag * Fiag
01 GROSS BETA LCS LCS pCin 2.83E+02| 3.14E+00, 5.57E-01 3.00E+02] 94.58 OK OK

2 02 GROSS BETA | MBL BLANK peiNl 1.65E-02| 2.51E-01| 5.39E-01 OK OK

) p—

4
03 GROSS BETA DUP FEE-BRi-W-FADWstOSL pCil 6.29E+01| 8.23E+00| 1.18E+01 OK INV

l_ 04 GROSS BETA DO FEE-BRI-W-FADW292061. pCifl 6.02E+01| 7.88E+00| 1.08E+01 INV

&

]

g L

2| O

3 1]

< O

Eberline Services Work Order

L et

Client

Feezor Engineering, Inc.

6.90€00 - 100 - CLEYVIOATIM
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 11/20/2014 12:25 PM

Oak Ridge Laboratory Work Order: 14-11095-GaGbT-1 Page 2 of 3

Lab Sample Sample Sample Radiometric Grav thean Sep t0 Sep t1
Fraction Ruclide Desc Date Aliguot % Rec % Rec % Rec SAF DatelTime Date/Time
o1 GROSS BETA LCS 11/18/14 00:00 1.00E+00 .00 0.00 0.00 1.00
i - 02 GROSS BETA | MBL 14/18/14 00:00 1.00E+00 0.00 0.00 0.00 1.00
; 3 -
3 o
' 03 GROSS BETA | DUP 11/13/14 00:00 6.00E-02 0.00 0.00 0.00 1.14
’ 04 | GROSSBETA Do 11/13/14 00:00 6.00E-02 . 0.00 0.00 0.00 1.14
gl =
s L
:l O
7 <
< O

Eberline Services Work Order

L e

Client

Feezor Engineering, Inc.

0890€00 - 100 - ZLEPVIOSTIM
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Ebertline Services

Preliminary Data Report & Analytical Calculations

Printed: 11/20/2014 12:25 PM |

Eberiine Services Work Order

Client

Feezor Engineering, Inc.

Oak Ridge Laboratory
Work Order: 14-11095-GaGbT-1
¥ Fr;:t?en Nuclide Sg:z:e g;g“nt:nmi ?;:;:; Detect Carrier (;?mu:t Counts CB:% Eff Ato B, Cor
01 GROSS BETA | LCS 11/20/14 09:54 LB4110A c1 120 413481.183333333]  0.4775  |301.5543892
. 02 GROSS BETA | MBL 11/20/14 09:54 LB4110A c2 120 122 1] 0.4555 |1.016666667
] -
&
03 GROSS BETA | DUP 11/20/14 09:54 LB4110A c3 120 624/1.516666667) 04808 |5.062741667
04 GROSS BETA Do 11/20/14 09:54 LB4110A cs 120 557 1.2 04713 | 4.502296667
s =
s L
3 O
3 ]
< O
-»
L]

Page 3 of 3
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Count Room Report

14-11095-GaGbT_ThSr-1 (pCi/l) in WA

Printed: 11/20/2014 8:07 AM
Page 1 of 1

Client: Feezor Engineering, Inc. Tracer ID:
internal Sample Cient Sample Sample Tracer Tracer Radiometric Radiometric SAF SAF
Fraction Desc D Date Aliguot Aliquot (g} ACT (dpm) Tracer (pCi) % Rec ™ 2*
o1 LCS L.CS 11/18/14 00:00 4.0000 0.00  1.00 : 100
02 MBL N BLANK 11/18/14 00:00 1.0000 0.00 | 1.00 100
03 DUP | FEE-BRI-W-FADW29206L @ 11/13/14 00:00 0.0600 0.00 ¢ 1.00 | 1.00
04 DO. FEE%&!-W—FADW%ZOBL | 11/13/14 00:00 0.0600 »» 0.00 ‘ 1.00 | 1.00
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Eberline Services H Page 1 of 1
Oak Ridge Laboratory Sp{ke and Tracer workSheet Printed: 11/20/2014 5:56 AM
internal Work Order Run Analysis Code Date Technician Technician Initials Withess Initials
GaGbT_ThSr 11/20/12014 5:54 MHIGHTOWER Ml
" LCS & Matrix Spikes - ] LCS MS LCSD. MSD "LCS MS TTLCSD MSD
1sot ] Sof# | Activity Solution | Approx Volume Volume Volume Volume Known = Eror Added | Error Known | Eror Added Error
sotope | i dpmfg Date . Addition Used (g} Used (g} Used (g} Used (g) pCi | Estimate pCi . Estimate pCi i Estimate peCi Estimate
Am-241 | ABO7 596.872, 11/20/2014]  0.781) = 1.0018 ' AR 269.35| 11582 000 0.000 000,  0.000 0.00 0.000]
SrY-90 AB-07 663.937  11/20/2014 o.g28) .- 1.0018 299.61) 89881 0.00, 0.600 0.00: 0.000 0.007 0.000
B Tracers - .. - . _Balance Printer Tapes
. L Acti ity Soluti . Approx
traction Isotope i Sof # dpmlg Date .. Addition Tracer ‘LCS
,,,,, I
: ' H
! .
R ;
) ) Matrix Spike
| f
<
wh .
Version 2.0 08/99
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Printed: 11/20/2014 8:06 AM

Eberline Analytical *
*} Ozk Ridge Laboratory AquUOt WorkSheet Page 10of 1
Work Order Run Analysis Code Ryt Units L.ab Deadline Technician
GaGbT_ThSr liters 1112412014 MHIGHTOWER
) s | Feezor Engineering, Inc.| sample | . Muffle Data Dilution Data Aliguot Data MS Aliquot Data H-3 Solids Only .
1 Fraction - R T ” T Water Added H3 Dist
i Cllent 1D Type .| NoofDils" 4 Ratio Aliquot - | NetEquiv Aliquot {m}) Alig
o1 SLes LCS. e : 1.0000E+00| . 1.0000E+00
02 | - BLANK MBL . 1.0000E+00]| "~ 1.0000E+00
03 | FEE-BRIW-FADW29206L | DUP 6.0000E-02| * ~ 6.0000E-02
04 FEE-BRI-W-FADW29206L. | DO 8.0000E-02 :kEG;OOOOE«O2
! A
Comments
a
o
~§  Technician: /V“"‘~ Date: / [ 20, (4
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Eberline Services - Oak Ridge

Gravimetric Worksheet

Printed: 11/20/2014 8:05 AM

Version 1.0 9/1999 Page 1 of 1
Analysis Gravimetric Carrier Conc -
Work Order Code Carrier (mgimi) Technician
GaGbT_ThSr MHIGHTOWER
TRetec | Feezor Engineering, Inc.| sample | Carrier Data Filter Data - Gravimetric
v} seCarrier Added Filter Tare Filter Final Filter Net Foo s
4 Fraction| .. Client ID Type .- - {ml} (*); {g) : gt oo Recovery: -
01 5 . LCS R ._7.5961 7.5963 | R
02 ‘. BLANK 7.4932 | 7.4940 |
03 » DUP , 7.4654 | 7.5278 |
04 FEE-BRI-W-FADW29206L | 7.4628 7.5283 |
Technician: M pate: /(1 20 /4




Eberline Services - Oak Ridge Printed: 11/20/2014 5:26 AM
Version 1.0 9/1999 TDS / TSS Worksheet Page 1 of 1

L Work Order Analysis Technician
Code
14-11095 GaGbT_ThSr MHIGHTOWER
TRetec | Feezor Engineering, Inc. TSI R .+ - Filter Data ., TDSITSS Maximum Aliq

) : Yo ,‘:ﬁlifluot;,. Filter Tare Filter Final (mIL} R
Fraction Client ID ml {9 (@ coAmgi)
04 FEE-BRI-W-FADW29206L . |: = 1 5.0000 oo 7.6139 : 7.6218 ! ’;158‘0:.;0000‘ :
f:a:

E .

- :

M i

9 .

>

'S

«

N

é ,

I

S o

8;; Technician: Mu Date: [ 122 ; I

o 4

o
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Detector ID Sample ID Alpha Beta Count Time Voltage

C1
Cc2
C3
C4

Sheet1

1411095-01 20029 41348

1411095-02 5
141109503 65
1411095-04 66

122
624
557

Page 1

120
120
120
120

1400
1400
1400
1400

TOD
11/20/14 11:54
11/20/14 11:54
11/20/14 11:54
11/20/14 1154
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Eberline Analyticat
Oak Ridge Laboratory

GPC Detector Report

(ALL Backgrounds)

Detector Alpha/Beta Calibration Date Count Date Bkg CPM PFW LCL Mean UcL
LB4110A - A1}  Alpha 11/18/2007 11/20/2014 5.00E-02 p ~-1.94E+01 2.42E-01 1.99E+01
LB4110A - A2; Alpha ) 11/18/2007 . 11/20/2014 1.00E-01 P -1.64E+01 2.18E-01 1.69E+01
LB411CA - A3| Alpha 11/18/2007 11/20/2014 8.33E-02 P -1.60E+01 1.90E-01 1.64E+01
LB4110A - A4| Alpha 11/18/2007 11/20/2014 5.00E-02 P -1.70E+01 2.03E-01 1.74E401
LB4110A - B1| Alpha 11/18/2007 11/20/2014 1.67E-02 P -9.16E-02 7.25E-02 2.37E-01
1B4110A -~ B21 Alpha 11/18/2007 11/20/2014 6.67E-02 P ~7.14E-02 7.32E-02 2.18E-01
LB4110A - B3}  Alpha 1171872007 11/20/2014 1.67E-02 P -6.25E-02 5.55E-02 1.736-01
LB4110A - B4| Alpha 11/18/2007 11/20/2014 5.00E-02 P -1.28E-01 7.73E-02 2.83E-01
LB4110A - C1| Alpha 11/18/2007 11/20/2014° 6,67E-02 " P -1.37E-01 8.78E-02 3.12E-01
LB4110A - C21 Alpha 11/18/2007 11/20/2014 1.67E-02" P -1.66E-01 8.00E-02 3.26E-01
LB4110A - C3| Alpha 11/18/2007 11/20/2014 1.67E-02- P -1.61E-01 9.41E-02 3.49E-01
LB4110A - C41 Alpha 11/18/2007 11/20/2014 3.33E-02. P ~6.48E-02 6.90E-02 2.03E-01
LB4110A - D1| Alpha 1171872007 11/20/2014 3.33E-02 P ~-5.43E-02 8.01E-02 2.158-01
LB4110A - D2| Alpha 11/18/2007 11/20/2014 8.33E-02 P ~6,96E-02 6.02E-02 1.90E-01
LB4110A ~ D3] Alpha 11/18/2007 11/20/2014 6.67E-02 P -5.06E-02 6.74E-02 1.85E-01
L.B4110A - D4] Alpha 11/18/2007 1172072014 8.33E-02 P -6.69E-02 6.99€-02 2.07E-01
LB4110R - Al| Alpha 11/24/2006 11/20/2014 5.00E-02 P -9.21E-02 9.81E-02 2.88E-01
L.B4110OR - A2] Alpha '11/24/2006 11/20/2014 6.67E-02 P ~B.51E-02 7.23E-02 2.30E-01
LB4110R - A3| Alpha 11/24/2006 11/20/2014 5.00E-02 P -7.07E-02 8.13E-02 2.33E-01
LB4110R - A4  Alpha 11/24/2006 11/20/2014 1.67E-02 P -5.13E-02 6.90E-02 1.89E-01
LB4110R - B1| Alpha 11/24/2006 11/20/2014 1.67E-02 P ~-8.92E-02 6.18E-02 2.138-01
LB4110R - B2| Alpha 11/24/2006 11/20/2014 _5.00E-02 P -6.80E-02 6.03E-02 1.89E-01
LB4110R - B3| Alpha 11/24/2006 11/20/2014 5.00E-02 P ~6.48E-02 7.19E-02 2.09E-01
LB4110R -~ B4{ Alpha 11/24/2006 11/20/2014 8.33E-02 p -6.09E-02 6.83E-02 1.97E-01
LB4110R - C1| Alpha 11/24/2006 11/20/2014 0.00E+00 P ~7.49E-02 7.26E-02 2.20E-01
LB4110R - C2| Alpha 11/24/2006 11/20/2014 6.67E-02 P -7.50E-02 6.77E-02 2.10E-01
LB4110R - C3] Alpha 11/24/2006 11/20/2014 5.00E-02 3 -8,18E-02 8.40E-02 2.50E-01
LB4110R - C41  Alpha 11/24/2006 11/20/2014 8.33E-02 P -5.96E-02 7.83E-02 2.16E-01
LB4110R - D1| Aipha 11/24/2006 11/1/2014 0.00E+00 P -1.06E-01 6.70E-02 2.40E-01
LB4110R - D2| Alpha 11/24/2006 117172014 0.00E+00 P -8.23E-02 6.65E-02 2.15E-01
LB4110R - D3| Alpha 11/24/2006 11/1/2014 0.00E+00 | -8.71E-02 6.63E-02 2.20E-01
LB41IOR - D4i  Alpha 11/24/20086 11/1/2014 0.00E+00 P -8.04E-02 7.08E-02 2.22E-01

LB5100 - 1 Alpha 7/10/2006 10/26/2007 5.00E-02 P -1.56E-02 9.58E-02 2.07E-01

Printed: 11/20/2014 6:54 AM
Page 1 of 1
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PN

ANA

Eberline Anatyiical

Oak Ridge Lahoratory

GPC Detector Report
(ALL Backgrounds)

Detector Alpha/Beta Calibration Date Count Date Bkg CPM PFW LCL Mean uCL
LB4110A - AL Beta 11/18/2007 11/20/2014 1.40E+00 P -2.62E4+02 7.05E+00 2.76E+02
LB4110A - A2 Beta 11/18/2007 11/20/2014 1.67E+00 P -2.74E4+01 2.70E4-00 3.28E+01
LB4110A - A3 Beta 11/18/2007 11/20/2014 1.50E+00 34 -4,.55E401 2.57E4+00 5.06E+01
LB4110A - A4 Beta 1171872007 11/20/2014 7.07E+00 P -2,90E+01 3.87E4-00 3.67E+01
LB4110A - Bl Beta 11/18/2007 11/20/2014 1.50E+00 P ~9.42E+00 | 3.01E+4+00 1.54E+-01
LB4110A - B2 Beta 11/18/2007 11/20/2014 1.52E+00 p -6.84E+00 1.91E+00 1.07E4+01
LB4110A - B3 Beta 11/18/2007 11/20/2014 1.35E4-00 P -3.80E-01 1.41E400 3.19E+00
LB4110A - B4 Beta 11/18/2007 1172072014 1.48E+00 P -6.81E4-00 1.91E4-00 1.06E+01
LB4110A - CL Beta 11/18/2007 11/20/2014 1.1BE+00, P -4,84E+00 2.00E+00 8.85E4+00
LB4110A - C2 Beta 11/18/2007 11/20/2014 1.00E+00. P 3.75E-01 1.28E4+00 2.18E+00
LB4110A - C3 Beta 11/18/2007 11/20/2014 1.52E4+00. 3 4.36E-01 1.52E+00 2.61E+00
LB4110A - C4 Beta 11/18/2007 11/20/2014 1.20E4+00 o P ~1.60E4+00 1.98E+400 5.56E+00
LB4110A - D1 Beta 11/18/2007 11/20/2014 1.35E+00 P ~2,24E4+00 2.49E+00 7.22E+00
1.B4110A - D2 Beta 11/18/2007 11/20/2014 5.35E+00 P -3, 78E+00 1.97E+4+00 7.72E4-00
LB4110CA - D3 Beta 11/18/2007 1172072014 2.05E+00 P 6.90E-01 4,30E+00 7.92E+00
LB4110A - D4 Beta 11/18/2007 11/20/2Q14 7.03E+00 P -7.51E+4+00 1.93E+00 1.14E+-01
LB4110R - Al Beta 11/24/2006 11/20/2014 9.00E-01 P -5.60E+01 | 3.31E+00 6.26E+01
LB4110R - A2 Beta 11/24/2006 11/20/2014 1.17E+00 P ~4,43E+01 1.93E4-00 4.82E401
.B4110R ~ A3 Beta "11/24/2006 11/20/2014 1.23E+00 P -4, 11E+01 2.53E+00 4.62E4+01
L.LB4110R - A4 Beta 11/24/2006 11/20/2014 1.18E+00 1 -4, 08E+01 | 2.01E4+00 | 4.48E+01
LB4110R - Bl Beta 1172472006 11/20/2014 1.45E4-00 P ~4.30E+01 1.93E+00 4.69E+01
LB4110R - B2 | Beta 11/24/2006 11/20/2014 2.12E400 P -4.82E+01 | 3.28E4+00 5.48E+01
LB4110R - B3 Beta, 1172472006 11/20/2014 1.40E+00 P -4,29E+01 2.47E+00 4,78E+4+01
LB4110R - B4 Beta 11/24/2006 11/20/2014 1.28E+00 4 -4.32E+01 | 1.83E+00 | 4.68E+01
LB4110R - C1 Beta 11/24/2006 11/20/2014 1.43E4-00 P -4 31E+01 2.72E+00 4,85E+01
LB4110R - C2 Beta 11/24/2066 11/20/2014 1,80E4-00 P -4,29E+01 2.56E+00 4.81E+01
LB4110R - C3 Beta 11/24/2006 11/20/2014 1.17E+00 P -4,34E+01 2.36E+00 4.81E+01
LB4110R - C4 Beta 11/24/20086 11/20/2014 1.35E4-00 P -4,.90E4+01 2.72E4+00 5.44E+01
LB4110R - D1 Beta 11/24/2006 11/1/2014 0.00E+00 P -4,36E+01 5.31E+00 5.43E+01
LB4110R - D2 Beta 11/24/2006 11/1/2014 0.00E+00 P -4.67E+01 1.79E+00 5.03E+01
LB4110R - D3 Beta 11/24/2006 11/1/2014 0.00E+00 P ~-5.02E+01 5.28E4+00 6.07E+01
LB4110R - D4 Beta 11/24/2006 11/1/2014 0.00E+00 P -4, 64E+01 2.13E+00 5.07E401

LB5100 - 1 Beta 7/10/2006 10/26/2007 4.52E+00 F -3.19E-01 1.58E4+00 3.48E+00

Printed: 11/20/2014 6:54 AM
Page 1 of 1
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Eberline Analytical

Oak Ridge Laboratory

GPC Detector Report

(ALL Efficiencies)

Printed: 11/20/2014 6:54 AM -

Detector Alpha/Beta Calibration Date Count Date Eff PFW LCL Mean ucL
LB4110A - A1} Alpba 11/18/2007 11/20/2014 0.2297 P 0.0105 0.2188 0.4272
LB4110A - A2 Alpha 11/18/2007 11/20/2014 0.1995 P -0.0268 0.1787 0.3841
LB4110A - A3| Alpha 11/18/2007 11/20/2014 0.1970 P -0.0484 0.1697 0.3879
1B4110A ~ A4} Alpha 11/18/2007 11/20/2014 0.2300 P -0.0273 0.1203 0.4079
LB4110A - B1! Alpha 11/18/2007 11/20/2014 0.2175 P 0.1853 0.2235 0.2518
1LB4110A - B2| Alpha 11/18/2007 11/20/2014 0.2011 P 0.1889 0.2189 0.2489
LB4110A - B3| Alpha 11/18/2007 11/20/2014 0.2369 P 0.1376 0.2326 0.3276
L.B4110A - B4} Alpha 11/18/2007 1172072014 0.2107 w 0.2058 0.2343 0.2627
LB4110A - C1 Alpha 11/18/2007 11/20/2014 0.2133 P 0.1980 0.2200 0.2421
LB4110A - C2| Alpha 11/18/2007 11/20/2014 0.2279 P 0.1989 0.2250 0.2510
LB411CA - C3| Alpha 11/18/2007 11/20/2014 0.2452 P 0.2242 0.2489 10.2735
LB4110A - C4| Alpha 11/18/2007 11/26/2014 0.2181 P 0.1982 0.2249 0.2517
LB4110A - D1} Alpha 11/18/2007 11/20/2014 0.2208 P 0.1797 0.2303 0.2809
LB4110A - D2] Alpha 11/18/2007 11/20/2014 0.2438 P 0.2017 0.2557 0.3097
LB4110A - D3| Alpha 11/18/2007 11/20/2014 0.2535 P 0.2054 0.2611 0.3168
LB4110A - D4| Alpha 11/18/2007 11/20/2014 0.1883 P 0.1488 0.1973 0.2458
LB4110R - Al Alpha 11/24/2006 11/20/2014 0.2293 P 0.2002 0.2376 0.2751
LB4110R - A2] Alpha 11/24/2006 11/20/2014 0.2059 P 0.1847 0.2186 0.2524
L.B4110R ~ A3] Alpha 11/24/2006 11/20/2014 - 0.2108 . P 0.1922 0.2230 0.2537
1B4110R - A4| Alpha 11/24/2006 11/20/2014 0.2412 P 0.2130 0.2445 0.2760
LB4110R ~ B1} Alpha 11/24/2006 11/20/2014 0.1939 p 0.1703 0.2225 0.2746
LB4110R - B2| Alpha 11/24/2006 11/20/2014 0.1750 w 0.1671 0.2143 0.2615
LB4110R - B3| Alpha 11/24/2006 11/20/2014 0.2104 P 0.1970 0.2431 0.2892
LB4110R - B4| Alpha 11/24/2006 11/20/2014 0.1898 W 0.1800 0.2284 - 0.2768
LB4110R - C1{ Alpha 11/24/2006 11/20/2014 0.2102 P 0.1795 0.2138 0.2481
LB4110R ~ C2| " Alpha 11/24/2006 11/20/2014 0.2086 P 0.1898 0.2228 0.2558
LB4110R - C3| Alpha 11/24/2006 11/20/2014 0.2261 P 0.2033 0.2380 0.2727
LB4110R - C4] Alpha 11/24/2006 11/20/2014 0.2029 4 0.1778 10,2185 0.2611
LB4110R - D1 Alpha 11/24/2006 11/1/2014 0.0000 w -0.0281 0.1904 0.4089
LB4110R - D2| Alpha 11/24/2006 11/1/2014 0.0000 w -0.0314 0.2165 0.4644
LB4110R - D3| Alpha 11/24/2006 11/1/2014 0.0000 w -0.0308 0.2127 0.4562
LB4110R - D4! Alpha 11/24/2006 11/1/2014 0.0000 W -0.0260 0.1714 0.3689

LB5100 - 1 Alpha 7/10/2006 - 10/26/2007 0.3368 P 0.3332 0.3455 0.3578

Page 1 of 1
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Eberline Analytical

Oak Ridge Laboratory

- GPC Detector Report

(ALL Efficiencies)

Printed: 11/20/2014 6:54 AM

Detector Alpha/Beta Calibration Date Count Date Eff PFW LCL Mean UCL
LB4110A - Al Beta 11/18/2007 11/20/2014 0.5638 P 0.2437 0.5629 0.8821
LB4110A - A2 Beta 11/18/2007 11/20/2014 0.4609 P 0.1¢19 0.4677 0.7435
LB4110A - A3 Beta 11/18/2007 11/20/2014 0.4851 P 0.1279 0.4631 0.7984
LB4110A - A4 Beta 11/18/2007 11/20/2014 0.5729 p 0.1783 0.5028 0.8273
1LB4110A - B1 Beta 11/18/2007 11/20/2014 0.5347 p 0.4666 0.5332 0.5999
LB4110A - B2 Beta 11/18/2007 11/20/2014 0.4993 P 0.4677 0.5272 0.5867
LB4110A - B3 Beta 11/18/2007 11/20/2014 0.5907 P 0.3372 0.5417 0.7462
LB4110A - B4 Beta 11/18/2007 ' 11/20/2014 0.5402 P 0.4951 0.5558 0.6166
LB4110A - C1 Beta 11/18/2007 11/20/2014 0.5386 P 0.4367 0.5115 0.5863
LB4110A - C2 Beta 11/18/2007 11/20/2014 0.5585 P 0.3994 0.5159 0.6325
LB4110A - C3 Beta 11/18/2007 11/20/2014 0.6203 P 0.5258 0.5977 0.6697
LB4110A - C4 Beta 11/18/2007 11/20/2014 0.5711 P 0.4528 0.5329 0.6130
LB4110A - D1 Beta 11/18/2007 11/20/2014 0.7199 w 0.3874 0.5644 0.7414
LB4110A - D2 Beta 11/18/2007 11/20/2014 0.6741 P 0.4358 0.5914 0.7469
LB4110A - D3 Beta 11/18/2007 11/20/2014 0.6537 P 0.4806 0.6156 0.7506
1.B4110A - D4 Beta 11/18/2007 11/20/2014 0.4874 P 0.3515 0.4714 0.5912
LB4110R ~ Al Beta 11/24/2006 11/20/2014 0.5674 P 0.4818 0.5701 0.6584
LB4110R ~ A2 Beta 11/24/2006 11/20/2014 0.5119 P 0.4235 0.5114 0.5993
1L.B4110R - A3 Beta 11/24/2006 11/20/2014 0.5285 p 0.4568 0.5386 0.6204
LB4110R - A4 Beta 11/24/2006 11/20/2014 0.6097 P 0.5099 0.5952 0.6806
LB4110R - B1 Beta 11/24/2006 11/20/2014 " 0.4657 P 0.4285 0.5394 0.6502
LB4110R ~ B2 Beta 11/24/2006 11/20/2014 0.4356 W 0.4119 0.5173 0.6227
LB4110R - B3 Beta 11/24/2006 11/20/2014 0.5298 P 0.4826 0.5958 0.7091
LB4110R ~ B4 Beta 11/24/2006 11/20/2014 0.4641 w 0.4431 0.5479 0.6527

JLB4110R - C1 Beta 11/24/2006 11/20/2014 0.4535 P 0.4140 0.5016 0.5893
LB4110R - C2] Beta 11/24/2006 11/20/2014 0.5315 P 0.4337 0.5357 0.6376
1LB4110R - C3 Beta 11/24/2006 11/20/2014 0.5815 P 0.4821 0.5742 0.6663
LB4110R - C4 Beta 11/24/2006 11/20/2014 0.5229 P 0.4316 0.5258 0.6201
LB4110R - D1 Beta 11/24/2006 11/1/2014 0.0000 w -0.0678 0.4553 - 0.9785
LB4110R - D2 Beta 11/24/2006 11/1/2014 0.0000 W ~0.0756 0.5116 1.0988
LB4110R - D3} Beta 11/24/2006 11/1/2014 0.0000 w -0.0736 0.4969 1.0674
1LB4110R - D4} ~ Beta 11/24/2006 11/1/2014 0.0000 W -0.0630 0.4090 0.8811
LB5100 - 1 Beta 7/10/2006 10/26/2007 0.4428 F 0.4555 0.4731 0.4906
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